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1.0 INTRODUCTION 

A series of eight full-scale crash tests was conducted to 

establish a test methodology for evaluating vehicle crash compat- 

ibilitles and aggressiveness. The oblectives of these tests were: 

l To obtain the necessary data for establishing appro- 
priate crrteria for evaluating vehicle aggressiveness 
of intermediate, subcompact, and llghtwelght subcom- 
pact-size cars. The vehicles tested were all 1975 
model cars which included Honda (:ivlc CVCC, Volvo 
244DL, Ford Torino, and Plymouth Fury. 

l To investigate the Dlnamlc S;lence segmented load celi 
Test Device concept for sensitivity to medsure the 
basic types of aggreqslveness, namely, architectural, 
mass, and structural agqlesslveness. 

A summary of the cat -to-TcJt Ik~ice test condltlons is stiown 

In Table l-l. This test re:ort prc‘ent5 ttle res11Lts <)E Tests ‘\lo. 

7 and 8, head-on colllslons between the NHTSA Test Device and the 

1975 Plymouth Fury Lour-dool ,cdans. 

The Test Device 1s a unlquc hotlt 7 zomb-taced load-measuring 

tool which 1s adaptdhle tJ h9kn ,noIlili,- bdrrler cCJkli5ldnT (see 

Figure l-1) and fixed-bslrler ,oL!'1si'ns (qee Figure 1-2). TtIt 

barrier face of the Test Devlcc 11; r~tl~. up of 40 six-inch-thl,k 

energy-absorbing aluminum honeycomb m.~31:!~~~, each ~ntll~~du~lly roil- 

netted to load cells. At selected locatiorl?, G string potention- 

eters were added to record honeycor?ii t3r~>~ nlc tllspla-ement. Tht 

Plymouth c+r was first crashed irlto rh? fixed Te?t DEVICE (Te,t 

7), and then a slmllar model was te;t c4 Into the mc,vln~ ‘I?CC,C iie- 

vice (Test 8). The closrng speed tc>r tht m>v:rq Wst Depict tests 

was selected to give the same energy ciidl,ge (jr) as In the cutle- 

spondlng flxed Test DCV~C~ test. i%>e Ap[ tln(?l x A for determinltlon 

of equivalcrit closlnij spetzc3 '01 lr?~\\"O I Tt?st r,h VlCC cn;llslons.) 

i 
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2.0 TEST METHODOLOGY AND PROCEDURE 

This section presents a brief descrrptlon of the test method- 

ology and procedures used for conducting the Plymouth-to-Test De- 

vice head-on collisions. 

2.1 VEHICLE DESCHIPTION 

The vehicles used in these tests were both 1975 Plymouth Fury 

four-door sedans. Tables 2-1 and 2-2 present the incomlng vehicle 

inspection performed on each car used for the fixed and movicly 

Test Device tests, respectively. 

For the tests to be conducted, two Part 572, nalc 50th percen- 

tile Alderson anthropomorphic dummies (GFE) were in the two front 

seating posltlons of the car. Each occupant was properly restrained 

with the vehicle's lap and shoulder belt restraint system. The scat 

tracks were welded in their mldposltlon with the scat back latches 

secured to prevent breakaway and rotation. Test weights for the 

Plymouths were determined by averaging test weights 01 caLs used in 

other crashes. Roth collisions were head-on with no lateral off- 

set distance between car and Test Device face. 

2.2 FIXED TEST DEVICE ‘I’ESTS 

The Plymouth-to-flxed Test Device test was conducted at the 

barrier impact facility (see Figure 2-l) with the centerline of 

the test car in line with the centerline of the FIxed Test Device 

face. The vehicle impact velocity (see Table 1-l) was corltrolled 

to within fl mph. 



TABLE 2-1. VEHICLE DESCRIPTION - FIXED TEST DEVICE 

Contractor Dynamic Science, Inc. Contract No. DOT-HS-7-01758 

VIN NO . RH41GSA153914 Make: Plymouth 
-- 

NHTSA No * 

Year. 1975 Color Green Mode 1 Fury 

Auto Trans yes no 

Pwr Brakes. 8, yes no 

Pwr Seats yes no 

Pwr Wrndows 
-8 ye= no 

Tinted Glass: yes 

8 

no 

Radio yes no 

Clock yes 0 no 

Tire size: GR78-15 ply 

Pwr Steering no Seats Bench X 
(front) 

Auto Speed Cont yes no 

8 

Bucket 

Ant1 Skid Brake yes no Split 

Bench. 
Air Condltlonlng 0 yes no 

Rear Window Def yes 0 
sp11t 

no Back 
Bench 

Brakes drum R disc F 

Rating 4 Mfg s Lrne General Dual Steel 

Bias Ply. Belted 
Steel Total 

Radial X ____ / Fyz& v-8 Cylinders 8 D:spl-318 CID 

Trans, I Fwd Speeds Shlpplnq Weight 4058 lb _ Odometer 54208 m&s 

Dealer (name, address, and phone number) 

Auto Drlveaway Cal Worthington, Chrysler 

Los Angeles, CA. Los Angeles, CA. 

Remarks (list addltlonal accessories not listed above) 

Date of Manufacture 1.75 Dynamic Science No 638 Date Received: z-15-78 

Tilting Steering Wheel yes 0 no Telescoping Steerlnq Wheel: yes 

Fuel Capacity Space Saver Spare Tire yes 
(from owner's manual) 

Restraint System Std. Production 3-point Belts 

1. IS the vehicle stock throughout7 Describe NO. 39 lb of water added 
to fuel tank to meet welg.ht goal- 

2. Does vehicle show evidence of prior accident history' Describe No 

3. Does vehrcle show any slgnlflcant corros10n7 Describe No 

4 Check condltlon of the front bumper and frame memtwofront 
guards. - 

6 



TABLE 2-2. VEHICLE DESCRIPTION - MOVING TEST DEVICE 
___-__ ____-- 

Contractor- Dynamic Science, Inc. C ,ntrai t No POT'-HS-7-a1758 __ 
VIN NO.: RH41G5A123309 Make Plymouth --- -__- 

-- 
NHTSA No.: --- 

Year: 197 

Auto Trans: 

Pwr Brakes 

Pwr Seats. 

Pwr Windows 

Tinted Glass- 

Radio: 

Clock: 

5 _____- 
yes 

8 

r-0 

yes r3 

Yes I-IO 

yes 

8 

8 
no 

yes n 0 

yes TV 

yes (2 

- Colcr Gold --- -~-___ 

Pwr \teerlr,q no 

PJto Speed Cont eb 

Ant1 Skid Br*ke Its 

Air Condltlonlng IlO 

Rear Window Def >es 
c 

no) 

Brakes drll R disc F -__- 

Model Fury 

Seat 5 Bt-nLh. X ~---_ 
(front) 

Bucket 

Spilt 

Bench: 

spilt 
Back 
Bench ~-- 

Bias Ply: Belted Radial 

Trans, # Fwd Speeds S~rlpplrlJ ht ght 3958 lb r ___ -- ___- _- - - - lc'tr 72,781 nnles 
- - ---- - -- ---- --- - - -- -- - ---- - -__-~ 

Dealer (name, address, and phone nupbcr) 

Auto Drlveaway Cal Worthington Chrysler 
Los Angeles, CA. Los Angeles, CA. - -- ------ - --_ ---____ _____------ -- -- - -- --- - - - --- --__ 

Remarks (list addltxonxl acce-solies not llstrd above=) 

Date of Yaqufacture 9-74 I)). nam 1 rLl+ P NO 639 L rtt Recelvcd 2-16-78 ----_ 
Tiltrnq Steerlnq Wheel \es 0 

10 Telescc>pl?n Cttrl I?I I b'jcel YC = 

Fuel Capacity. qpace Sa er ' 3p3ri Tire 
(from owner's manual) 

yes :3 
(g 

Restraint System, Std. Production 3-point Belts ---- 
__----____ _~__ -___-- --- _ ---- ---__ __ ______ -- _ - - ------- - -____ ------ 

1. Is the vehicle stock throjuhout? Des< L'D~ No, 40 pouncJ5 of water added -- - -- ---- 
to fuel tank as ballast to meet welqhtgoa~, _ - ~____ 

_____ _--___ - ~-- ----- - ---- - 
2 Does vehlclc sbuw e\lqtnc? of prl,r ?icid it hL:tr)ry) DFSCT~~ No 

__--_ - -- --- --- - _- -- --- -- _ 
___---___---- --- --_-- _-- - 

3. Does vehicle show any slqnlf Icant c~~t-oc~r)r‘i) I escrlb- -.-SC.-- - - ---- -1 

____- ----- ----__-- - -- - - ---- 
--___ ---__- --- - - --__ 

4. Check corjltlon of the '--nr t lmi~ 11-l fv ,[T< Irclcdes two front -~- ---__~-- 
bumper g bards. - -__-__ --- --__---- - 

7 
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The test vehicle was instrumented witrl 16 accelerometers, 1 

string potentiometer, 6 seat belt loads, and an impact sensor. 

The test vehicle was placed at the head oF the test track facing 

the baLrler where It was attached to the tow and guidance system. 

The fixed Test Device was instrumented wit? 411 lo-14 ~115, 6 

string potentiometers, 2 strain cja<,ges, and an Iml)act sensor. 

Upon completion of the pre-crdbn checkout oE ti>e instrumenta- 

tion, the vehicle was towed to the specrfled test soerl and re- 

leased from the tow system ]bst $rlor to impact. 'The data f ram 

the test vehicle was transmitted to the data acqul%ltlon center 

via urnblllcal cable watt, telemetry as a b,?ck~~p. Tll@_ data from thl> 

fixed Test Device were transmltted by umblll:+l cable (only (see 

Figure 2-2). In order to achieve the we'qht j,~aL outlined 111 the 

test plan, 30 pounds of water was added to thr fl?l tank of the 

test vehicle prior to testlrg. See Table 2 -3 ir>r a crash test sum- 

mary of tne fixed Test DeviLf? conflgurati >n. 

2.3 MOVING TEST L)EVICE rbsl?:: 

The Plymouth-to-moving Test Device test WPS conducted dt the 

midrange station of the crash track facility fsee "1JurtL 2-l) with 

the centerline of tile test caL In line witrl tile center of the mov- 

ing Test Device face. The vehicle impact velocity of each test vz- 

hicle (see Table l-l) was controlled co witi7ln tl mph. 

The test vehicle was lnstrumer:lt~~l exactly the same as the 

vehicle used in the flxed Tec,t Devl<z test; wltn tiie abort no,tle 

placed Inside the trunk of the vehicle. This \\ -15 done [or safety 

reasons. The test vcljlcle has 1 laced C3t the l,ead of tile test 
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TABLE 2-3. CRASH TEST SUMMARY 8316-7 

Test No. 8316-7 Contract DOT-HS-7-01758 

Test Date June 13, 1978 Tlmc 1242 - - Temperature 10l°F ~- -- 

Test Configuration Front-to-Front, Head-on -- 

Vehicle No. 1 (A) 1975 Plymouth Fury 4-door Sedan 
--- --- 

Vehicle No. 2 _ (B) Fixed Test Device - ----- -- 

VEHICLE DATA 
Vehicle A Vehicle B 

Test Weight (lb) 4439 >300,000 _____-__ - 

Impact Angle (deg)* 0" 180' --____ -- 

Offset Distance 
(in.) 0 0 -- -- - --- 

Impact Velocity 
(mph) ** 40.73 0 I_-_-_____-~ -I ~ - - ---I_-~ 

DUMMY DATA 

Type 

Locations 

Restraints 

Part 572 Alderson NOIlP ___- - ------ ---- -________ 

LF (Driver) - # 759*** - 
__- --__ - 

RF (Passenger) - # 760*** 
--__ __I- ~- 

Lnp,'Shoulder Belt None _~___~___ -- 

LapjShouldcL Belt ----I__ --- -- 

INSTRUMENTATION 

Number of Data 
Channels 

Number of Cameras 

41 48 __-- - --~--- -_I- ---- - - -- 

7 --__-- ___---- -__- _I__ 

*With respect to tow track centerline faclnq frxed barrier. 
**Speed trap measurement. 

***Alderson Dummy Serl,ll No. 
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track, facing the barrier. The moving Test Device was instrumented 
the same as the fixed Test Device with the addition of 2 longitu- 
dinal accelerometers and an additional strain gauge attached to the 
frame rails of the moving Test Device. The moving Test Device was 
placed at the barrier end of the track. See Table 2-4 for a crash 
test summary of the moving Test Device configuration. To meet the 
test weight of the vehicle called out in the test plan, 40 pounds 
of water was used as ballast and added to the fuel tank. 

Both vehrcles were attached to the tow and guidance system. 
After the pre-crash checkout of the instrumentatron, the vehicles 
were towed to the specified test speed and released from the tow 
system Just prior to Impact. The data from the test vehicle and 
moving Test Device were transmitted to the data acquisition center 
via umbilical cable with telemetry as a backup (see Figure 2-3). 

12 



TABLE 2-4. CRASH TEST SUMMARY 8316-8 

Test No. 8316-8 Contract UOT-HS-7-01758 - 

Test Date June 16, 1978 Timr. 1119 Temperature g5 OF -- 

Test Configuration Front-to-Front, Head-on - 

Vehicle No. 1 (A) 1975 Plymouth Fury 4-door Sedan --_ _- 

Vehicle No. 2 (B) Moving Test Device 

VEHICLE DATA 
VEHICLE A VEHICLE B 

Test Weight (lb) 4444 4012 ~------ ___--- 

Impact Angle (deg)* o" 180' --__--__ -- - 

Offset Distance 
(ln.1 

Impact Velocity 
(mph) ** 

DUMMY DATA 

0 0 -__-- -- 

29.01 29.Ul 
~- -__-- - ~-------__-_----_ 

Wee 

Locations 

Part 572 Alderc,on None ~______-__ -- - - ---- - - --- ----I -- 

LF (Driver) - # 759*** --_--- - -- ---__-____-- 

RF (Passenger) 

Restraints ----_- --__ ~---- ------ 

Lap/Shouldel Belt --__ - --__- ___-_____ 

INSTRUMENTATION 

Number of Data 
Channels 

Number of Cameras 

41 53 - __- --- -- ---_-__ - 

7 - -- - - ---- - --------- 

*With respect to tow track ccnterllne faclllg fixed barrier. 
**Speed trap measurement. 

***Alderson Dummy Serial No. 

13 
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3.0 DATA ACQUISITION 

3.1 DATA ACQUISITION METHODS 

The overall plan for obtaining the necessary data is outlined 

in Table 3-1. The table defines the test parameter, measurement 

method, and recording method used during the concuct of this pro- 

gram. 

--- ---__ -___ 
TABLE 3-1. DATA REQUIRDMENTS 

__- ---___ 

Test Parameter - 
Impact Time 

Approach Velocity 

Impact Velocity 

Rebound Velocity 

Test Device and Accelerometers, UI - 
Vehicle Accelera- bound strain gauge 
tion Measurements type 

Test Device 
Honeycomb Crush 

Stress in Test 
Device Frame and 
Horizontal Beams 

Forces on Test 
Device Honeycomb 

Photo- 
Magnt-tic Written graphic 

Measurement Method --- T‘S Lox -- __- Analysis -- ~ --- 
Contact switch sig- >( 
nal impressed on 
millisecond time base 

Tow cable velocity 
sensor 

X 

Speed trap entrance 
and exit signals 
from, speed trap 

Calculated from hrg'l- 
speed filr\k analysis 
and compartment 
accelerometer data 

Str-Lng potentiometer 
and direct linear 
measure:ilent 

Strain gauges X 

Load cells ? 

X 

--___ ___ --c_--- ---- --__---- -_____ 

*Velocity is also measure? buy electron:< counter. 
_- ---- --- - - ----- -- --- -_---___-- 
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TABLE 3-1. DATA REQUIREMENTS (CONTD) 

Test Parameter 

Vehicle Structural 
Deformation 

Photo- 
Magnetic Written graphic 

Measurement Method Tape Log Analysis 

Direct linear mea- X 
surement 

Vehrcle Static 
Crush 

Direct linear mea- 
surement 

Vehicle Dynamic 
Crush 

Restraint Survival 
Distance 

Film analysis 

Direct linear mea- 
surement 

Steering Column Direct linear mea- 
Intrusion surement 

Firewall Intrusion String potentiometer X 
and static measure- 
ments 

Fuel Leakage 

Windshield Reten- 
tion 

Occupant Head and 
Chest Acceleration 

Occupant Femur 
Loads 

Seat Belt Loads 

Vehicle Weight by 
Wheel 

Ballast Weight 

X 

X 

Observation and 
timed measurement 

X 

Direct measurement 
and observation 

X 

Triaxial accelerom- 
eters 

Load cells 

Load cells 

Direct pre-test mea- 
surement using 
balance scales 

X 

Balance scale X 

16 
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3.2 INSTRUMENTATION 

3.2.1 Test Vehicle Instrumentation 

The test vehicle contained two Part 572 anthromorphic dum- 

mies positioned in the left and right front sealing locations. 

Prior to each test use, the dummies were inspected and adlusted 

to meet the torque and characteristic requrrements for these de- 

vices. Sixteen structural accelerometers and one string poten- 

tiometer were installed on the vehicle and consisted of the fol- 

lowing (see Figure 3-l): 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

A biaxial (X, 2) mount located on the left rocker panel 
near the B-piller to measure accelerations of the OCCU- 

pant compartment. 

A biaxial (X, Z) mount similar to Na. 1, but on the 
right side of the :-chicle. 

A biaxial mount (X, Z) located on the rear floor struc- 
ture over the rear axle. 

A biaxial mount (X, I:) located on the upper centerline 
of the firewall in t;le engine compartment to measure 
acceleration of the forward section of the passenger 
compartment. 

A biaxial mount (X, Z) located on the centerline of the 
rear axle to measure acceleration of the rear drive 
train and rear suspension assembly. 

A single mount (X) located on the top of the englre 
block in a protective case to measure acceleratlo,i of 
the engine. 

A single mount (X) located on the front frame CLOSS- 
member in a protective case to measure avial accelera- 
tion of the front frame. 

A trlaxial mount (X, Y, Z) located near the vehlclc 
center of gravity on the drive tunnel at the longi- 
tudrnal C.G. i-o mcasurL acceleration or the conpart- 
ment. 

A single mount (X) located in a position similar to 
that in No. 6, but on the bottom of the engine. 

17 



rjct ’ >r It 88 26 14 ------ - _ ___--~- - 
3 ir ntc r1111t of rr ar deck 

1bOVf ri lr ,~xlc 60 0 25 -- - 
4 cent rlinc of flrcwall 

c ‘rlt 6 ’ 1 1 II( ) 174 0 7 - _- _____~ 1 (‘i itrl ICI I'otcntlomctcr 134 3 2 0 - 

*In G. 

**Referen t iolnt% 
- Ccntcrllric of rear bumrcr 

MAXIMUY 
LX1 U-TED READINGS 

I OllG * LAT* VERT* 

50 50 - -__ 

50 50 - 

50 50 - 

1tio 100 
--- - 100 100 - 

'I)(\ --- 
20 0 

50 50 50 

1 0 0 -- _- 

1 1r1 - _-- 

- ~- 

- rnterllye of vehlclt - left rentcrllne (-), 
erlinr (t) 
- ( round level -- 

Vehicle Accelerometer Instrumentation. 



10. A string potentiometer installed on the interror fire- 
wall to measure the intrusion of the firewall into the 
occupant compartment. 

II. A tape switch mounted onto the forwardmost portlon of 
the car to record impact. 

3.2.2 Test Vehicle Occupant Instrumentation 

The following test dummy instrumentation was installed for 

the driver and right front passenger positions: 

1. A triaxlal accelerometer mount located in the head to 
measure its acceleration. 

2. A triaxlal accelerometer mount located in the chest 
cavity to measure (-hest acceleration. 

3. A femur load cell mounted in the femur of each leg to 
measure femur loads. 

4. Two seat belt load cells were mounted onto the lap belt 
with an additional seat belt load cell mounted onto the 
shoulder belt- for e>ch of the two front occupant re- 
straint syst+Jms. 'The lap belt load cells were mounted 
on each side or the occupant. 

The instrumentation reqctlrements for the dummy occupants are 

given in Table 3-2. 

3.2.3 Moving Test Device Instrumentation _- -- 

The moving Test Device was instrumented with 40 load cells, 

6 displacement string potentiometers, 3 strain gal,ges, 2 acceler- 

ometers, and 1 taye switch. 'I'heil- purposes and locations were as 

follows: 

1. A load cell mounted bt3twct-n each honeycomb module and 
Test Device rigid face to measure impact forces. 

2. A string potentiometer displacement transducer mounted 
at selected honeycomb locations to measure dynamic 
honeycomb dlsplacemrnt. 

19 



TABLE 3-2. OCCUPANT INSTRUMENTATION 

Occupant Accelerometer and Load Cell Locations 

Descrlptlon of Locations Lonq Lat Vert -- 
Driver head accelerometer X X X 

Passenger head accelerometer X X X 

Driver chest accelerometer X X X 

Passenger chest accelerometer X X X 

Driver left and right femur 3000 
load cell lb 

Passenger left and right 3000 
femur load cell lb 

Maximum 
Expected Readings 

Long* Lat* Vert* -- 
200 100 200 

200 100 200 

100 50 100 

100 50 100 

*In G. 

3. 

4. 

5. 

6. 

A single (X) accelerometer mounted on the longltudlncl 
frame rails (mounted on each side) to measure acceler- 
ation of the Test Device. 

Two strain gauges mounted on selected horizontal lmpclct 
face beams to measure strains developed In the front 
structure due to the impact force. 

One strain gauge mounted on the right side of the Tec,t 
Device longltudlnal frame rail to measure strain In ihe 
vehicle frame structure. 

One tape switch mounted onto a selected honeycomb module 
to record the time of impact. 

Figure 3-2 defines the typical lnstrumentatlon honeycomb 

module: Figure 3-3 describes the location of Lnstrumentation on 

the Test Device impact face; and Figure 3-4 shows the location of 

the instrumentation on the Test Device vehicle structure. 

3.2.4 Fixed Test Device Instrumentation 

The instrumentation on the fixed Test Device was the same as 

on the moving Test Device except that the strain gauges and aczel- 

erometers on the Test Device frame were deleted (Figure 3-5). 
20 
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3.3 PHOTO-INSTRUMENTATION RFQUIREMFNTS 

3.3.1 Fixed Test Device Photography 

Six high-speed (four 1000 fps and two 500 fps) cameras and 

one panning (24 fps) camera were used as shown in Table 3-3 for 

the fixed Test Devlce/movlng vehicle tests. 

The panning camera documented the instrumentation, pre-test 

and post-test configurations, pre-test and post-test dummy posl- 

tions, and the Test Device and vehicle crush profiles. 

3.3.2 Moving Test Device Photography 

Six high-speed (four 1000 fps and two 500 fps) cameras and 

one panning (24 fps) camera were used as shown In Table 3-4 for 

the moving Test Device/moving vehicle tests. 

25 
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4.0 SUMMARY OF TEST RESULTS 

This section of the report presents the results of the Plymouth- 

to-Test Device crash tests performed under Task 4. Copies of lnstru- 

mentation data traces (Calcomp plots) are included in Appendix B for 

Test No. 7 and in Appendix C for Test No. 8. 

4.1 TEST SUMMARY: PLYMOUTH-TO-TEST DEVICE TESTS 

A summary of pertinent pre-test and post-test Test Device condi- 

tions are given in Tables 4-1 through 4-7. Pre-test and post-test 

views of crash configurations are shown in Figures 4-l and 4-2 for 

fixed Test Device tests and in Figures 4-3 and 4-4 for moving Test 

Device tests. 

Test weights for each vehicle were determined by weighing each 

wheel of the car to obtain a total weight. The vehicle was then ro- 

tated 180 degrees and the weighing procedure repeated to obtain an 

average weight for the vehicle. 

Compartment and engine acceleration was determined by an (iver- 

aging of accelerometers located near the B-pillar of the vehlcLe and 

the top and bottom of the engine block (see Figure 3-l). 

Maximum mutual dynamic crush data, as well as the chronology of 

events for each vehicle, were determined by high-speed film analysrs. 

Maximum dynamic crush on the car was determined by subtractrng 6 

inches of honeycomb crush from the maximum mutual dynamic crus? for 

each test. 

4.1.1 Fixed Test Device Test 

In the fixed Test Device test, the Plymouth impacted the alumi- 

num honeycomb modules at a speed of 40.7 mph, causing approximately 

25.6 inches of static crush to the vehicle. The final speed of the 

Plymouth was -6.7 mph, giving a total velocity change of 47.4 mph. 

28 



TABLE 4-l. CRASH TEST SUMMARY 

Test No. 3 4 

Test Date May 9, 1978 May 16, 1978 

Time 

Temperature 

Test Conflguratlon 

Vehicle A 

Vehicle B 

1000 1422 

83“F 880~ 

Front-to-Front Front-to-Front 
Head-on Head-on 

1975 Ford Torlno 1975 Ford Torlno 
-I__ 

Fixed Test Device Moving Test Device 

VEHICLE A DATA' 

Test Weight by Wheel (lb) LF-1284 RF-1277 LF-1290 RF-1243 
LR-991 RR-998 LR-1017 RR-1000 

-- 
Total Weight (lb) 4550 4550 

----I 
Longitudinal C.G. 
(from center of front axle) 
(in. 1 51.6 52.3 

Impact Angle (deg)* 0 0 

Offset Distance (in.) 0 0 

Impact Velocity (mph)** 40.52 59.10 

OCCUPANTS 
- -- 

Type Part 572 Alderson Part 572 Alderson 

Locations 

- 
Restraints 

LF (driver) - LF (driver) - 
Serial No. 759 Serial No. 759 
RF (pass nger) - RF (passenger) - 
Serial No. 760 Serial No. 760 

Standard ploduc- Standard proluc- 
tlon lap/shoulder tion lap/shoulder 
belt be!t 

-I-- -- 
INSTRUMENTATION 

Number of Pata Channels Vehicle A - 41 Vchlcle A - 41 
Vehicle B - 48 Vehicle B - 53 

Number of Cameras 7 7 
--- 

*With respect to tow track cetiterllne facing frxeJ barrier. 
**Closing speed using speed trap measurement. 
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-- _ ---_---- ____ -_I_ 

TABLE 4-2. SUMMARY OF CAR TEST DATA 

VEHICLE: 1975 Plymouth Fury 4-door Sedan 

Vehicle Parameter 

Car Test Weight (lb) 

Overall Vehicle Length/Width 
(In. 1 

Car Speed (mph) 

Final Speed (mph @ msec) 

Coefficient of Restitution 

Velocity Change (mph @ msec) 

Maximum Compartment Acceleration 
(G @ msec) 

Maximum Engine Acceleration 
(G @ msec) 

Maximum Dynamic Crush (in.) 

Maximum Static Crush 
0 Hood Level (in.) 
0 Between Bumper/Hood (in.) 
0 Bumper Level (in.) 

Maximum Post-test Intrusion (in.) 

Maximum Mutual Dynamic Crush 
(in. 1 

Maximum Individual Load Cell 
Force (klb @ msec)*** 

Maximum Total Load Cell Force 
(klb @ msec)*** 

Normalized Maximum Force* (lb/lb) 

Vehicle Damage Index** 

Test 7 Test El 
(Fixed Test (Moving Test 

Device) Device) 

4444 

218.1/77.7 

40.7 

-6.7 @ 179 

0.16 

47.4 @ 179 

218.2/77.-l 

29.0 

-2.6 @ 13.! 

0.10 

31.6 @ 13.Z 

-31.1 @ 78 -29.2 @ 20 

-74.3 @ 52 

38.9 (F) 

-124.7 @ 10 

34.2 (F) 

24.9 25.8 
27.5 26.7 
25.2 25.3 

12.1 3.7 

44.9 (F) 40.2 (F) 

11.3 @ 87 (B5) 

77.7 P 34 

17.5 

12FCAW9 

(F) = Film Data 
*Maximum total load cell force/car test weight. 

**Refer to SAE J224A. 
***Some load may have been lost due to load cell contact with 

backing plate (see Figures 4-32 and 4-33). Lower loads in 
Test 7 also attributable to failure of bolt holding Row B 
beam. 

15.4 @ 45 (86) 

98.4 @ 23 

21.1 

12FCAW9 
- 
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-- -____ 
TABLE 4-3. SUMMARY OF PRE-TEST ENGINE/BUMPER/ 

FIREWALL CHARACTERISTICS 

Test No. 

Type of Test 

Impact Velocity 
(Closing, mph1 

Engine Size (ClD) 

- 
7 8 

- --__I _- 
Fixed Test Device Movlnc, Test Device 

---___ 

40.73 58.C‘ 
--~-- -___-__ - - 

318 318 

Engine Weight* (lb) 

Engine Helght/Wldth 
(In. 1 

Bumper to Engine (In.1 

Engine Length (in.) 

666 666 
~---~ -- -- 

13.9/25.2 13.9/,X5.2 
-___- 

35.5 35.5 
-- 

24.0 24 0 

Cnglne to Firewall (In.) 4 0 4.0 
--- -- --___ 

Bumper to Firewall (In.) 63.5 63.5 
~___------I__------ ____ 

Bumper to "Hard Point" 
(11~. ) 30.0 30.0 

*Total dressed engine weight dr). 

-- -___ -__- -- -----__ -- 
TABLE 4-4. SUMMARY OF PRE-TEST DUMMY POSITION 

DATA CHARACTERISTICS 

Seat Range (in.) 

Seat Posltlon* (In. 

Front Seat to FIrewall 
(In.1 

Forehead to Wlndshleld 
(u-i. 1 

Torso to Steering 
Wheel** Iln.1 

Left/Right Knee to 
Dash Panel (In.1 

Test 7 
Flxed Test Device 

Left Right 
Front Front 

Occupant Occupant - 
5.5 5.5 

2.7 2.7 

25.6 27.0 

20.3 13.3 

12.0 21.0 

6.3,'6.3 7.0/7.(! 

Test 8 
Moving Test Dfvlce - 

Left Right 
Front Front_ 

Occuparlt Gc cur-ldnt -- - 
5.4 5.5 

2.7 2.7 

27.2 27.9 

20.5 19.3 

12.8 21.8 

L.q/t .5 8.3/9.0 
I___-- ------__- __ --- 

*From rearmost position to midpoint. 
**To dash panel for right frcqt pdssenyer 

-_--- _---- -- ----I__ -___ -__ _- - -_~--- 
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TABLE 4-5. SUMMARY OF POST-TEST OBSERVATIONS 

VEHICLE: 1975 Plymouth Fury 4-door Sedan 

Test No. 7 (Fixed Test Device) 

Dummy Contact Points: Left Front 
Head------------------ Dash Panel 

Chest----------------- Steering Wheel 

Knees----------------- Knee Bolsters 

Right Front 
Dash Panel 

None 

Glove Comoartment 

Glazing: Cracked and 90% retained. 

Doors: Required tools to open all doors. 

Seat Belt Anchorages: Okay 

Restraints: Okav 

Fuel Leakage: None 

General Observations: Hood latch failed. Radiator leakage. 

Steering wheel rotated downward. Modules Dl and DlO were 

sheared off by car at impact. Row B beam separated from test 

fixture. Row C and D attach bolts bent upwards from impact. 

Rear of vehicle rotated 2 inches counterclockwise. Vehicle re- 

bound was 39 inches from impact location. Front bumper rotated 

downward. 
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TABLE 4-5. SUMMARY OF POST-TEST OBSERVATIONS (C~NTD) 

VEHICLE: 1975 Plymouth Fury 4-door Sedan 

Test No. 8 (Moving Test Device) 

Dummy Contact Points: Left Front 

Head------------------ Barely Touched Dash ------ 
Panel 

Chest----------------- Steering Wheel 

Knees----------------- Knee Bolsters 

-- 

Rlqht Front 

Dash Panel 

None 

Glazing: Small crack In wlndshleld and 98% retained. 

Glove Compartment 

--- -- _- 

Doors: Front doors required tools to open. 

Seat Belt Anchorages: Okay - -- 

Restraints: Okay 

Fuel Leakage: None 

General Observations: Hood latch falled. Radiator leakaqe. - 

Steering wheel rotated downward. Modules Dl, D9, ~710, and BlO 

sheared off by car at impact. No rotation of vehicle. Vehicle - 

left at impact point. Vehicle puszed Test Device back 23.3 feet 

from impact point. -- 

-- - -- 



TABLE 4-6. INJURY CRITERIA SUMMARY 

Occupant Position Left Front Right Front 
TEST 7 (FIXED TEST DEVICE) 

HIC 1695 @ 83-120 1759 @ 99-117 

Head G* @ msec 93.9 @ 95 121.6 @ 109 

CSI 749 @ 200 656 @ 200 

Chest G* @ msec 73.1 @ 89 64.8 @ 115 

Femur Load (lb) Left Right Left Right - 

-265 -1465 -864 -741 

RSD (in.)** Pre Post Pre Post -- 

8.9 9.7 10.6 6.6 

TEST 8 (MOVING TEST DEVICE) 

HIC 949 @ 76-123 1125 @ 98-111 

Head G* @ msec 

CSI 

Chest G* @ msec 

68.7 @ 107 

394 @ 200 

55.8 @ 77 

107.4 @ 103 

284 @ 200 

37.4 @ lL4 

Femur Load (lb) Left Right Left Rlgllt - 

-494 -924 -670 -756 

RSD (in.)** Pre Post 

8.0 9.6 

Pre Post -- 

7.3 9.1 

*3-msec clip. 
**RSD computed with 7-msec time shift to correct for honeycomb 

crush of Test Device. 
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TABLE 4-7. CHRONOLOGY OF CRASH EVENTS 
-___- -~- - 

VEHICLE: 1975 Plymouth Fury 4-door Sedan 
-- -- ___- 

Time 
(msec) 

0 

15 

50 

64 

73 

7s 

82 

96 

97 

108 

117 

119 

130 

208 

259 

279 

366 

408 

Time 
(msec) -- 

0 

11 

70 

87 

95 

96 

107 

110 

202 

251 

Test 7 - Fixed Test Device Event 

Impact (visual) 

Hood begins to buckle 

Damage to Rows B, C, and D of Test Device begins 

Hood hits barrier wall 

Roof begins to buckle 

Dash begins to move into passenger compartment 

Driver contacts steering wheel with chin 

Passenger contacts dash with nose 

Driver contacts dash with forehead 

Maximum mutual dynamic crush (44.87 in.) 

Passenger and driver forward motion stops 

Rows B, C, and D of 'Test Device damdyed 

Rear wheels leave_ ground 

Driver recontacts headrest 

Vehiclea separate 

Maximum vehicle inclination 9.4" 

Passenger rearward motion stops 

Rear wheels recontact ground 

Test 8 - Moving Test Device Event -- 
Impact (visual) 

Hood begins to buckle 

Roof begins to buckle 

Maximum mutual dynamic crush (40.22 in.) 

Passenger contacts dash with face 

Driver forward motion stops 

Maximum vehicle inclination 3.0" 

Passenger forward motion stops 

Vehicles separate 

Driver recontacts headrest 
-_-- __ -- _--_ -~ -- ---~ --I__ 







The maximum dynamic crush on the car was 38.9 inches at 108 

mllllseconds with a pitch angle of 9.4 dearees. Rebound of the Fly- 

mouth off the face c;f the Test Devlc~~ Ldtlsecl '-1 t red r J c t h L ca to 

rotate approximately 2 inches counterclockwise fronl the barrier ren- 

terllne. Rebound of the Plymouth florr the ~rllt,~~l ?nlpact point aas 

39 Inches. The fixed Test fievlce strh(tule was dap?c;ed due to ti-e 

geometric agyresslx7eness of the Plyn? ,~h ~UI~LCY, tlnli fdllure of the 

attachment bolts of the verclcal memre7. Thr extent of this ddmzqe, 

and resulting modlfliatlons will be dl;c~s~ed Ir,ter L~1 U-IS reprirt. 

4.1.2 Moving Test Devlct Test ____--- - - 

Movlny Te.: lit '1~ 1 +eitL; coi,ciclr~ - i- 1 < pr c, I i!a trt! 

been adlust& to ylve slrnllir chjlc;e '-, I I-ii- 1 T, - 1 11 COrll- 

parable fixed Test Device tests. upon 1 1'; 1c t , ih~ Pljmolitn re- 

manned clost to the dlea of Inl-aLt whLlt 1t 6 it JC isl vcis 

pushed backwards, stopplnq 23.3 feet franr th: r,lr. There wa3 r', 

rotation of either vr3hlclt- ar,d no ddmd(qe to t?e rest Device Stl-Jc- 

ture. 



4.2 VEHICLE STRUCTURAL RESPCNSE 

This section of the report p~c~_ents data on the Plymouth's 

structural response to the co1lIsior: wrth the fLxed and moving 

Test Devrces. Thus includes pry- test and post-test measurements 

made at selected locations on the vehicle, steering wheel dis- 

placements, vehicle exterior dnd interior profiles, and acceler- 

ometer data. 

Static crush measurements of the Plymouth for both fixed 

and moving Test Device tests are shcwn In Table 4-8. Prc-test 

and post-test bumper match-upa are shown in F'iqures 4-5 through 

4-8. In both tests, the car deformed uniformly with the flat 

surface of the Test Dcvi-e. Since the closing speed for the 

moving Test Device test was selected to give the same change in 

energy (AE), most of the crush measurements here very simll3r 

for both tests. In both tests, the hood latch or the Plymouth 

failed, which did not allow the hood to aid in resisting the 

structural crush of the car. 

Exterior profiles are given in TdbleS 4-9 ant. 4-10. Measure- 

ments for the frontal exterjclr yrnfiJe of the Plymouth weie made 

at three levels: the hood 1~~~~1, the bumper ltlvel, and a level 

between the hood and bumper level. In Test 7, tht bumper of the 

Plymouth rotated down slightly from the force caused by the im- 

pact, while in Test 8, the bumper >JTowed no rotation. The cars 

used in both tests contained bumper guards which w?re hiqhly re- 

sponsible for concentrated loads to be recorded uy the load cells. 

In both tests the frontal c ?sh wit: fairly flat ac'-oss the face 

of the cars. 

Vehicle interior ~lltrusion profiltih an4 s+_'Acr-ing wheel dis- 

placement values are give11 L, Tables 4 -11 thr,)tlch 4-l'. Compart- 

ment intrusion IS shown Jn F'iqut~s 4-9 throuq;l G-12. fn both 

tests, the dash panel rtz ~int.ad aLtacheJ to the 'rame of the car, 

but elongation of the stat b,lt allowed tne (J<C upants to come 
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r TABLE 4-8. PRE- AND POST-TEST DIMENSION MEASUREMENTS 

l D 

VEHICLE 1975 Plymouth Fury 4-door sedan 

(Fixed Test Device Test) 
Test 7 

(Moving Test Device Test) 
Test 8 

A 

B 

C 

D 

I 

G 

L 

M 

N 

0 

P 

Q 
R 

2 

Pre-test post-test Difference 

LS RS LS RS LS RS ------ 
117.9 117.7 113.2 113.2 4.7 4.5 

45.0 45.3 24.4 24.4 20.6 20.9 

55.1 55.2 54.9 54.9 0.2 0.3 

218.0 218.2 192.5 192.5 25.5 25.7 

36.9 36.9 35.6 35.8 1.3 1.1 

103.3 103.2 103.6 103.4 -0.3 -0.2 

120.9 121.5 124.5 124.2 -3.6 -2.7 

138.9 138.8 138.4 138.3 0.5 0.5 

23.9 23.8 24.0 24.0 -0.1 -0.2 

53.0 52.7 51.7 51.6 1.3 1.1 

33.6 33.0 34.9 38.0 -1.3 -5.0 

15.7 15.3 11.8 10.3 3.9 5.0 

15.6 15.3 12.5 11.0 3.1 4.3 

77.8 78.1 53.3 53.3 24.5 24.8 

Pre-Test Post-test Differmce -- 
LS RS LS RS LS RS ------- 

117.4 117.3 113.5 113.8 3.9 3.5 

45.7 45.6 23.1 23.1 22.6 .'2.5 

55.2 55.2 55.5 55.2 -0.3 0.0 

218.3 218.1 192.1 192.1 26.2 '6.0 

37.0 36.9 36.4 36.5 0.6 0.4 

103.5 103.5 103.4 103.4 0.1 0.1 

121.4 121.7 121.4 121.3 0.0 0.4 

139.5 140.0 138.9 139.1 0.6 0.9 

24.7 24.7 24.7 24.6 0.0 0.1 

53.5 53.5 52.7 52.6 0.8 0.9 

32.1 32.6 35.5 34.5 -3.4 -2.5 

16.0 15.5 14.5 14.4 1.5 1.5 

15.6 15.5 13.9 13.9 1.7 1.6 

77.8 77.7 52.3 52.2 25.5 25.5 

NOTE: ALL MEASUREMENTS IN INCHES. 
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TABLE 4-13. STEERING WHEEL DISPLACEMENT VALUES 

VEHICLE: 1975 Plymouth Fury 
-I- 

Displacement (in.) 

Test 7 Test 8 

Wheel (Fixed Test Device) (Moving Test Device) 

Location X* Y* Z* X* Y * Z* -- -- 
Top -2.1 -0.1 -10.6 -3.1 -0.5 -2.1 

Hub -1.1 -0.1 -7.9 -2.2 -0.5 -1.8 

Bottom -1.5 -0.0 -7.9 -2.4 -0.5 -2.1 

*Reference for X, Y, Z measurements are the rear bumper 
(+ forward), vehicle centerline (+ right), and ground level 
(+ up), respectively. 

-- --_- -_- ----- ----___ - ----- 

into contact with the dash area. This caused iarge pulses to be 

seen by the occupant head accelerometers. In Test KU. 5, the 

steering wheel rim was not bent by the left front occupant, re- 

sulting in smaller crash pulses to be seen on data from the 

driver's chest. 

A summary of Plymouth accelerometer and string potentiometer 

data for both tests is given in Tables 4-14 through 4-19. Refer 
to Figure 3-l for their locations in the vehicle. Compartment 

accelerometers and engine accelerometers were averdgtld to obtain 

a more representative picture of what was occurring at L%( -E' lo- 

cations. String potentiometer data was used to measure firewall 

intrusion in the occupant compartment. However, if the peak in- 

trusion does not occur at the location where thL measLremel:t. '.as 

taken, the readings could be low compared to the post-test static 

measurements. 

In both tests, since the amount of -srtish was hlqh, rotation 

of f lrewall and engine accelerometers (Nos. 4, 6, and 9) occurred? 

giving erroneous velocity' and ~11 -pla,-naent ptaks. Ir 'rest 8, the 

lower engine accelerometer (lccacli r-1 /ti has lost due +o a cut 
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-- --- 
TABLE 4-14. SUMMARY OF CAR ACCELCROMETLR DATA 

FOR FIXED TEST DEVICE TEST 7 
-_I__-_-- -- -- - -_l-__l__- 

Maxlmum Minimum Maxlmum 
Acceleration Velccit~~ -- Dlsplacenent -- -- 

Accelerometer 
A 

Time V Tlmt2 S Time 
Number (msec) (msec L tin. ) (mph) (msec) -- 

1X -35.52 39 -6.25 178 +47.32 111 

1Z +31.06 47 -ct.07 I? +7.84 200 

2x -33.31 23 -7.36 ? b 8 f46.18 109 

22 +14.60 63 -0.02 8 +9.48 200 

3x -55.77 58 -8.16 181 +47.05 110 

32 -26.08 83 -2.68 107 +1.14 200 

4x -93.66 61 +7.65* 200 +66.39* 200 

42 -53.04 55 -3.y3 182 +'.66 86 

5x -80.34 57 +6.89* i4-i t63.@7* LOO 

52 +32.09 103 -0.89 37 +L I. ?i-, LOti 

6X -92.37 52 -d.Pl 65 +31.00* 55 

7x -64.20 36 -2 54 179 '45.04 135 

8X -48.09 70 -3.56 186 +46.09 134 

8Y -27.39 50 -3.40 -3 1 0.00 10 

82 +44.48 57 -5.16 176 i-2.01 81 

9x -59.61 45 -2.09 179 t41.81* 128 
---- -- ---__ 

See Figure 3-l for deflnltlon of acceLeromekPr num%rs. 
*Data questionable because of rotation of accrlt>rometer. 

--~~- __ -___ 

-- ----- - - -- - -- 

TABLE 4-15. S'JMIQ,I?Y OF CAZ ;\CL:,~EF'-ML'~ P AJE:RAbEd 
DATA FOR FIXED 'I'FS'T: Dk'b'IC‘E TEST 7 

____ - ------- -- --- _- __ - - -- -b----P 
Max lmw1 PI *r1i ~‘1rn Maximum 

Ac.zelerctlon Velocity _----~ --- J~splacement 

Accelerometer A P me Tlmc 
Number (G, imsec) (l?lzb 1 L;:LZ- (ill - i rr1'iSec) - -w-m 

Average of 1X 
and 2X -31.07 78 -6 7: 13 :<.75 113 

Average of 6X 
and 9X -'4. '7 5, -I.',^ 1 ' 33.60 12J 

_-- ---__ - - 



----- 

TABLE 4-16. SUMMARY OF CAR ACCELERONETEP DATA 
FOR MC)VING TEST DEVICE TFET 8 

Maximum Mlnlmum Maximum 
Acceleration Vf'lOC1t r' - ---- __ _ A-- - ~~zsplacem~nt 

Accelerometer Time v T I me S Time 
Number (msec) &p I! _ (l~sflc) (In.1 (msec) --_I_ --__ ----- 

1X -26.34 37 -1. 7G 1 37 

1Z 27 . 34 19 -0.11 5 

2x -31.61 20 -3. c ! 3 

22 -28.27 59 -2.63 111 

3x -51.79 19 -4.10 123 

32 +33.56 57 -1.45 26 

4x -65.27 s6 +4.5'i* 1.3: 

42 -83.49 4/ -'.Q-I i0 

5x +74.0- 53 +8.22* 174 

52 +17.9: c' 5 -0.23 23 

6x -124.73 10 -11.33 43 

7x -121.92** 57 I - *7* C?f" 69 

8X -45.17 38 -0.58 137 

8Y ~34.61 54 -fi. 51 2: 

82 460.79 I -4.06 14 

9x -229.68** G8 -iGf .15*” .’ il 0 
--___ -- -I__ --_ --____ 

i-27.20 

tti.27 

-t2! 12 

i-2, OS 

+24.87 

+2.01 

+39.82* 

+1.99 

+54.65* 

115.37 

-clR.l 

i13: . Iti** 

2?.77 

19.87 

b i) . Iii 

717 86** . 
- _- -____ 

103 

200 

93 

8 0 

93 

LOO 

2 .I 0 

70 

200 

20(' 

290 

?OP 

200 

LOO 

34 

45 
--- 

See Figure 3-1 for deflnltlon oi <tcrclIr-rei rt:r ~~umhcrs. 
*Questionable data due Lo rotation (P acLttitometer. 

**Data system fallllrc. 
-- - 

---___I_ --- - ----- --- _ I_-__ -- --- 
TABLE 4-17. SUM&JKY OF iAD I'LC‘L ~,%\J..!LI'LI\ XVEUGE:;) 

DATA F'OY MOC'Ibir, 71 ,r: QEVICE TEST 8 
-____- ---- __-- - -- ------___ -- __~_ - 

M~Y>I D~UP VT 11 Ln'lrn Malclmum 
Acctlcratlon l-l__-l_l_ I/p loc1ty -----_- _-- -_- Displacement --- 

Accelerometer 
A 

1 ink T iih\C S Time 
Number (msec I - --~- --~ (q-t, ; imsec*j (in.1 (ms ec) -- - _---_- 1_1_ --- _-_- 

Average of 1X 
and 2X 
(Compartment) -29.23 ,'O -:.59 132 25.61 98 

Average of 6X 
and 9X 
(Engine) -104.43f 40 -i‘,.ii: x ) 0 0 17.41* 42 

-- ---~ ---- - ---- ----- - 
*Data system failure. 

_---- -__--- - ---_ --- --- - - - - -- - ---_I_ 
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TABLE 4-18. SUMMARY OF CAR STRING POTENTI- 
OMETER DATA FOR FIXED TEST 
DEVICE TEST 7 

Displacement 
Potentiometer 

(Number) (Location) 

SP7 Firewall 

Maximum Dynamic 
Displacement 
D Time 

(In. 1 (msec) 

4.9 106 

TABLE 4-19. SUMMARY OF CAR STRING POTENTI- 
OMETER DATA FOR MOVING TEST 
DEVICE TEST 8 

Displacement 
Potentiometer 

(Number) (Location) 

Maximum Dynamic 
Displacement 

(1E.) 
Time 

(msec) 

SP7 Firewall Data System 
Failure 

cable. Data used in analysis used only data from the upper engine 
accelerometer (location 6). In addition, data from the acceler- 
ometer located on the vehicle front crossmember (location 7) was 
lost, also due to instrumentation failure during impact. 

4.3 TEST DEVICE SUMMARY 

This section of the report presents a summary of data gcith- 
ered from the fixed and moving Test Devices. This includes sum- 

marles of load cell, string potentiometer, strain gauge, and 
accelerometer data, and post-test honeycomb profiles for botl 

fixed and moving Test Device tests. 

Post-test Test Device configurations for fixed and moving 
Test Device tests are shown in Figures 4-13 and 4-14. 
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A summary of peak values of load cell datd 1s shown in Table 

4-20 for Test 7 and Table 4-21 for Test 8. These wele the maxlmum 

measured forces for each load cell alonq with ltc, correspondIn 

time recorded during the event. Tables J-22 and 4-23 present a 

summary of grouped load cell data for each test. The front face 

of the Test Device was dlvlded into six area5 of loading. The se 

data show which areas of the car tended to be more aggressive. 

Load cell forces for lndlvldual load cells are shown in Figures 

4-15 through 4-22. These plots also show the relative lateral 

symmetry of car data recorded with the Test Device face. Some 

loads may have been lost during the period 25-5(1 ~~ibei An Test 7 

and 24-40 msec in Test 8, due to load cell coptact with the 

backmg plate (B5, B6, ~3). 

A load cell dlstrlbutlon at selected time Intc?rvals for tile 

car/Test Device interface for each test is shown Ln Ligures 4-~3 

through 4-28. These values are shown for for<-05 3vel l,OC,11) pouniis 

at a particular time segment. Any locat:on cu :+I-1 a val,lP below 

1,000 pounds was not considered an aggress,ve 'iart o' the car at 

that particular time frame. Calcomp plot5 ot 411 load cell data 

ions (i&t c,p -w--i lrl Appendix by columns and grouped load cell sunmat 

B for Test 7 and Appendix C for Test 8. 

In the fixed Test Device test, the max Imum total 13ai: cell 

force was 77,740 pounds at 34 msec after iTpacr J:,J t-Fe 17 xlmurn 

lndlvldual load cell force recorded WAS 11,301? p >IP~S on w-1ule B’ 

at 87 msec. 

The flxed Test Device structurt was clamila: d wbt-n tile bllmper 

of the car wedged between Rows R and L . 3 l- :aLl>c 13 ,r1e dlUVltlUrn 
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TABLE 4-22. SUMMARY OF GROUPED LOAD CEL,L DATA - TEST 7 

Parameter 

Load Cells (No.) 

Right Side 
of Car 

D8 - D10 & 
C8 - Cl0 

Center of Left Side 
Car of Car - -- 

D4 - c7 & Dl - D3 & 
c4 - c7 Cl - c3 

Force (klb) 14.59 l5.?l7 14.82 
Time (msec) 35 54 36 

Load Cells (No.) B8 - Bl.0 & B4 - B7 & l31 - B3 & 
A8 - A10 A4 - A7 Al - A3 

Force (klb) 13.01 30.24 9.39 
Time (msec) 30 67 48 

- -- - 

-- -- ___---__--_-- --- --- 

TABLE 4-23. SUMMARY OF GROUPCLl LOAD CEI;> DATA - TEST 8 
-I-----_I___I _ __--- - -- 

Right Side Center of Left Side 
Parameter of Car Car of Car -- ---- --- ---- 

Load Cells (No.) D8 - DlO & D4 - D7 6r 1) 1 - D3 & 
C8 - Cl0 c4 - c7 Cl - c3 

Force (klb) 
Time (msec) 

15.48 IL.71 20.99 
26 39 27 

Load Cells (No.) B8 - I310 & B4 - B7 & Bl - B3 & 
A8 - A10 A4 - A7 Al - A3 

Force (klb) 12.95 43.14 14.16 
Time (msec) 23 35 21 

- -___-__ - ___ ---- - _-_- _I --- 

plates of the Test Device to undergo high torquing fulces which 

overstressed the attachment bolts noldlng the horizontal beams to 

the vertical member of the Test Devl,-e (see Figure 4-6). Post- 

test InspectIon of the Test Device fixture skiowed the 5/'8-lncIl 

grade nine attachment bolts of Row B pulled completely -jut of the 

vertical member. Attachment bolts on Rows C and D were belIt up- 

ward due to the failure of Row B. The aggressive areas of the 
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car appeared to be the bumper/engine area, bumper guards, hood 

line, and outer edges of the front of the car. Loads measured 

were not all recorded due to bottoming out of some Row B mounting 

plates, and load lost In damaging the Test Device Structure. 

For the moving Test Device test, the total load cell force 

was 98,370 pounds* at 23 msec after Impact and the maximum 

lndlvidual load cell force recorded was 15,400 pounds on module 86 

at 45 msec. Due to the damage done to the fixed Test Device 

structure, modifications were made to the moving Test Device to 

aid in strengthening its structure. This consisted of the 

following modlflcatlons done before Test 8: 

0 Welding 4" x 4" x l/4" steel plate to back of horizontal 
beams at the point of attachment to the vertical beam to 
prevent vertical rotation. 

0 Boltinj on to front of the four horizontal beams a 
25-3/4 x 2-l/2" x l/4" vertical stiffener to each side 
of the Test Device to prevent vertical rotation. 

0 Redrilling and tapping the vertical beam on the Test 
Device from S/8" to 3/4" to give the attachment bolts 
more thread support. 

0 Due to localized bendlng of the material behlnd two of 
the load cells on Row B horizontal beam, the beam was 
exchanged with the Row A horizontal beam and reattached. 

Accelerometer data recorded from the moving Test Device are 

given in Table 4-24. Accelerometers were located on the right and 

left frame members of the Test Device and were averaged to give 

acceleration, velocity, and displacement curves for the Test 

Device. These data were used In comparing the total force from 

both load cell and accelerometer data for both tests, which are 

presented in Tables 4-25 and 4-26. 

*The actual force may have reached 158,000 pounds (see Figure 
4-33). 
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-___- --- -_--- ___- - - ---- - _ 

TABLE 4-24. SUMMARY OE' MOVING TEST DEVICE ACCFI,T:R')MF'I'ER !ZATA 
___~. __ ____ __- __ ~--- -- - - - ----- --- -- ----- 

Maxlmum ivllnlmurn MaxImum 
Acceleration t)lrn:acemcnt --__-~ -- - _ Veloc+y - - -- --A- __-- --- 

Accelerometer 
6) 

Time V Time S Time 
Number (Irsec) ( JD?) fm;cc) -c_ _ -- i j--_ _ 1 ri . ) (Inset) __~-- 

AlR -39.4 30 -3.t 1 1" 19.2 81 

A2L -39.8 38 -2. 3 114 Ii! I 86 * 

Average of AlR 
and A2L -39.4 39 -> . 0 1 I6 _ 18.2 93 

-- -~---- - - 

- __ ----- - --- --- - ----~ - -_ --- 
TABLE 4-25. COMPARISON 3F TOTAL FORCE FRC)M LOPD CELL AND 

ACCELEROMETEt? DATA FIXE'; ','ES i' DLVICL 
-- __- --__--_ -- __-- - - - ---_- --__-- 

k lx\- 
FlhPd 'rec;t :\r 7 cp 1:9g1nc/Car 

Test Dcv1 re Acc2l~~r~ t ron AccclL>ratlon 
Parameter Force Data* Cata** D<Tta*** - -- - --__-- -- -- --- --- - 

Force (lb) -?7,/4G N/A 150,3oi) 

Time (msec) 3: 39 
-___ -- -__I-- __- --- - ---- - - - - _- - -_--- --- ~- 

*Sum of 40 load cells. 
**Average of Teqt Device dccel ronlet-r3 1 I 1 7 ti)rtPs Tt%t Dc- 

vice weight. 
***Average of car accelerom(~te~s I aI‘ 2 t 1' P - i T-- kvizl crh t plLJs 

average of englrle accf~le~omete 6 <-'ri: ) f 11 c ? Lcl-Jli ( we~qh' 
- 

---- ------- - - - 

TABLE 4-26. COMPARISON OF TOTAL FORt't FRO'4 LOID CELL AiLi? 
ACCELEROMETER DAT-i - :IGVIfNC TEST DEVlCF. 

---__-- _ - - -- - ----__--__- 
Molr 1 II 7 

r20-2 1nq r 5t DC"lL Lnq1 ITe/caL 

Tee t Devlc e A i~-lerdtlo2 2crcl r-dtl~in 
Parameter Force D,:ta' Dat ?I+* --- - -- - : -_~ - l)ataf*+ _ _ - - 

Force (lb) 38,370 1 )9,0;(' !b0,800 

Time (msec) 23 29 37 
___ ~-__--_-__-- - -- - - - 

*Sum of $0 load ct2lls. 
**Average of Test Device a.it'lt?t~mr_~~ L, 1 2nd 2 times Ycst Et- 

vice Weight. 
***Average of car acctltTr>:,t7tt , 1 -,d 2 t-*rles c‘tr kelqht plus 

average or engine accelc ~(i~-~?115 < I'I 9 tllne~ c,,g 1 ne we Lqht . 
__-- -I _ --_- - -- _- _---_-_-- - 
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String potentrometer and strain gauge data for each test are 

presented in Tables 4-27 through 4-30. String potentiometers were 

placed at selected locations on the Test Device to measure dynamic 

crush of the honeycomb. The displacement measured on the honey- 

comb is an lndlcatron of the dynamic crush at the particular point 

on the honeycomb modules, in all cases, the center of the module. 

Since the vehicle striking the honeycomb 1s not a uniformly flat 

surface, the crush measurement at the center of the module 1s not 

TABLE 4-27. SUMMARY OF FIXED TEST DEVICE 
STRING POTENTIOMETER DATA 

Displacement 
Potentiometer 

(Number) 
Individual Units 

Maxlmum Dynamic 
Displacement 

Time 
(ii.) (msec) 

a SPl @ A3 0.2 3 

0 SP2 @ A0 1.9* 46 

e SP3 @ B5 2.3 31 

0 SP4 @ B6 3.1 106 

0 SP5 @ c2 3.2 49 

0 SP6 @ C9 1.2 38 
*Questionable Data. 

**Znstrumentation Failure. -- 

TABLE 4-28. SUMMARY OF FIXED TEST DEVICE STRAIN GAUGE DATA 

Strain Gauge Maximum Maximum Maximum 
Strain Stress Time 

(Number) (Location) (pin./ln.) (psi)* (msec) -- 
SGl Front Beam (B) 2477 74,310 32 

SG2 Front Beam (C) 528 15,840 52 

*Stress = strain x E (E = 30 x lo6 for steel). 
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TABLE 4-29. SUMMARY OF' MOVING TEST DFVJCE 
STRING POTENTIOMETER DATA 

- -I__ 
Maximum Dynamic 

Displacement Displacement 

Potentiometer D Time 
(Number) (111. ) (msec) 

Individual Units 

a SPl ,a A3 1.0* 93 

0 SP2 @ A0 0.5 89 

0 SP3 @ B5 J. 0 80 

0 SP4 @ B6 3.2 112 

0 SP5 cz c2 1.5 25 

0 SP6 @ C9 1.0 47 
~-- ------ __-- -- 

*Questionable data. 
___- -- ----~__ 

- ___- -- _-- ___ - - -- --- 

TABLE 4-30. SUMMARY OF MOVING TFST DEVICE STRAIN GAUGE DATA 
--- ---_- 

Strain Gauge Mtiximm Maxlnlum M ,<~murn 
L tra1u . Stress Time 

-(Number) (Location) ./'l?.l ('i'll e 1 (p,.';l)* (msec) --___ 
SGl Front Beam 2!J30 '5,900 39 

SG2 Front Beam 255 7,650 17 

SG3 Frame Rail -282 -8,4bO 3 0 
- -_- --- 

-*Stress = strain x E (E = 30 x lo6 
II- _ ---- ----- --- 

for F+t el) . 
**Questionable data. 

~- -- -I-- - _- -- _- - _ ---- 

necessarily a true lndlcatlon of crJsh to the remclnt?er of ti-t 

aluminum honeycomb Strain gauge datd was user? to 5s b0W ty:21cc31 

loads would affect key structural members of t'le Tt'qt Device. 

Figure 4-29 shows typical strain gauqt curves for the rnoht highly 

stressed member. The maximum allowablt- (vleldi (3+t 111~ waft ,3',0 

pin./ln., which 1s quite adeq<late for tt,t strain 11acci reci r(lt I tiy+ 

this test. 
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The aluminum honeycomb crush profiles for fixed and moving 

Test Device tests are presented in Tables 4-31 and 4-32. Refer to 

Figures 4-13 and 4-14 for a view of the pc<+-test configuration of 

the honeycomb. In Test 7, since the horizontal beams which the 

aluminum honeycomb attaches to were deformed, the entlre load 

transmitted by the Plymouth was not >-eflected + in the crush of the 

honeycomb. Modules Dl and DlO were sheared off the Test Device 

face by the car on impact. In Test 8, crush of the honeycomb was 

more consistent to what should hdve been observed in Test 7. 

Modules Dl, D9, BlO, and Cl0 were shedred off by the car on im- 

pact. In both tests, the maln areas responsible for crush were 

the bumper/engine, bumper guards, hood line, dnd the front edges 

of each fender near the headllqhts. 

A COmpariScJn Of oynami T ctush Irom accelerometer data and 

film analysis is shobn in FlJures 4--30 and 4-31. Since the ve- 

hicle does not act as a rigid body durlny the test, <lnd vehicle 

accelerometer ddta is only repr < sent-i?lve of one location In an 

elastic body (at the B-pillar of th ~~clr), this data tends to be 

consistently higher than the data from film analyslr. The data 

from film analysis is considered rnort accurate slnccl a visual mea- 

surement of crush versus time is taken. 

Total load cell f3rctA date?, ana calculated iri?rtld fcrce from 

accelerometer dats dre shown In Flour, 4-32 for Test_ 7 3111 F’lgi~r-~ 

4-33 for Test 8. Since thr trxcr' Test L&VIP? 1s not lnL,+r umented 

with accelerometerC, t'?e inertia force was cdlculatPr uc-lLlg tht 

car data, namely, the 'eh,cle'~ averarled acr~~leri)rc_~r \idt~ alon% 

with its test weight. In this case, the engine and cclr Inas, were 

considered as separate masses, s;nr-Y tol-lr ;lynqmlcs d,lring the 
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event are different. The total inertia force was calculated by 

using F = ma for the engrne and car mass separately, and adding 

the two together. In the moving Test Device test, the inertia 

force can also be calculated using accelerometer data from the 

Test Device. In this case, the Test Device test is considered a 

rigid body. Figure 4-34 shows the load cell force-deflection 

characteristics for both tests. The vehicle rate of stiffness <is 

load is applied is given in Table 4-33. 

Car interior intrusion is plotted against exterior dynamic 

crush of the vehicle in Figures 4-35 through 4-37. Dynamic 

interior crush was measured by means of a string potentiometer 

located along the centerline of the vehicle. A difficulty some- 

times occurs during impact when outside influences interfere with 

the displacement of the string potentiometer, causing misleading 

data. 

A crash pulse may be monitored on the Test Device face to 

determine the "hard" points on the vehicle. Figures 4-38 and 4-39 

show where on the Test Device face the centroid of the total load 

cell force was acting, as a function of time. 

4.4 OCCUPANT KINEMATICS 

This section of the report presents the results of dummy re- 

sponse during peak values for each occupant's head, chest, and 

femur, restraint survival distance, and restraint system 

summaries. 
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COLUMN LOCATION 
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Figure 4-38. Centroid of Load Cell Force for Fixed 
Test Device Test. 
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In evaluating occupant response data, It must be remembered 

that, because of the high crash speeds, pulses measured by each 

occupant are very high and may exceed FMVSS 208 Standards. Fig- 

ures 4-40 through 4-47 show pre-test and post-test conflguratlors 

of the occupant for each test. A summary of occupant response 

data 1s presented In Table 4-34 with restraint system data pre- 

sented in Table 4-35. 

In both tests, the left front occupant's head and chest made 

contact with the steering wheel and dash panel. Compartment in-- 

truslon in the Plymouth was less than in previous tests, resulttng 

In lower occupant responses. The driver's head in Test 7 had a 

maximum displacement relative to ground of 84.4 Inches at t = 200 

msec, while in Test 8, the maxlmum displacement was 50.8 at t = 120 

msec. Post-test observations showed the driver femurs both mad, 

contact with the knee bolsters, causing damage to that area. I? 

both tests, the driver's chest struck the steering wheel hub, 

which showed little sign of yielding and caused high acceleratlDn 

values to appear. 

The right front passenger's head in the Plymouth made contact 

with the dash panel. Post-test observations showed that the knees 

struck the glove compartment area, leaving signs of deformation to 

that area. The occupant compartment In both tests showed some 

signs of intrusion, but it was less severe than In other tests. 

The passenger's chest loads were mainly caused by the shoulder 

belt restraint system. No visible contact was made with the 

passenger's chest in the occupant compartment. 
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-- - -_ -_I_ --- 

TABLE 4-34. OCCUPANT RESPONSE DAi'A SUMMARY 

VEHICLE: 1975 Plymouth Fury 
________~--__---- -- --- __ 

Test 7 Test 8 
(Fixed Test Device) (Moy-in_y Test Device) __ --- - _-- 

Left Front 
Occupant 

Maximum 
Value T 

(G) (msec) 

Head 

X -80.5 101 

Y +22.8 89 

z +103.8 101 

R* 93.9 95 

HIC 1695 @ 83-120 

Chest 

X -78.1 87 

Y -25.1 82 

Z +25.7 105 

R" 73.1 89 

SI 749 @ 200 

Femurs 

LF -265 52 

RT -1465 77 

Rlqht k?ror\t Left Front 
Occupdnt __--__ Occupant ----- - --- 

Max ~:num Maximum 
Value T Val11e I- 

(G) (msec) (G' (msec) ---- --_ --- --- 

-117 7 101 -59.3 197 

+60.8 101 -16.5 109 

t-75*3 10 > +78.8 9; 

121.6 109 68 / 107 

1759 @ 99-il.7 9G:s @ I)- I?3 

Rl(;ht Front 
- Occ-ant -- ------ 
Mdxlmum 

Vdlre T 
(G) _ (mc,ec) 

-99.7 105 

+55.7 105 

+73,0 101 

107.4 103 

L125 ? 38 111 

-48.5 1 1 6 -5C.A d 0 -27.8 7 0 

434.9 116 -16.7 8 0 '30.6 I 1. 1 

+10.3 104 +to.s 6P -14.3 Ii7 

61.2 it5 ~55.8 71 +37.4 114 

656 j LOO 394 Q 209 281 J 200 

-c 7’) :7 

-741 74 -914 b' -756 itj 
--- ___ -------- -__---__-- ____- 

*3-msec clip. 
___-_ ------- - ___ ___-- --~--_ -- -- - ------- 
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TABLE 4-35. SUMMARY OF RESTRAINT SYSTEM DATA 

VEHICLE: 1975 Plymouth Fury 

Fixed Test Device 
Load @ Time 
(lb) (msec) 

Left Front Occupant 
Peak Shoulder Belt Load 
Peak Left Lap Belt Load 
Peak Right Lap Belt Load 

Right Front Occupant 
Peak Shoulder Belt Load 
Peak Left Lap Belt Load 
Peak Right Lap Belt Load 

Moving Test Device 
Left Front Occupant 

Peak Shoulder Belt Load 
Peak Left Lap Belt Load 
Peak Right Lap Belt Load 

Right Front Occupant 
Peak Shoulder Belt Load 
Peak Left Lap Belt Load 
Peak Right Lap Belt Load 

1047 
1157 
1669 

2088 

2083 

1189 

1065 
1037 
1233 

1259 
2028 

1111 

@ 

@ 

@ 

@ 

@ 

@ 

@ 

@ 

@ 

@ 

@ 

@ 

101 
61 

65 

110 

69 

69 

73 

67 

56 

86 

66 

63 

to compare available compartment space with the space necessary 
to decelerate the occupant. A critical element in calculating 

this value is the relative positioning of the dummy in the occu- 
pant compartment. Figures 4-48 through 4-51 show the pre-test 
and post-test occupant compartments for each test. Refer to 

Appendix D for an explanation of the methodology used to deter- 
mine RSD values. 
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5.0 TEST FACILITIES AND EQUIPMENT 

5.1 GENERAL 

The impact tests in this program were ct,>ductcd at the Mono- 

rail Impact Facility, shown In Figure 2-1. "kc- barrier Impact- ald 

midrange impact sites were used for the fixed Tec,t DeviLe/vchicla? 

and moving Test Device/vehicle tests, respect,vely. 

Table 5-l describes the test eq-wment and its function as lt 

applies to the test parameters. 

-- ___-- - -__--- -- 

TABLE 5-1. TEST EQUIPMENT LiST F;Lr, 'JNCTICK 
-_-__-_~-~ -- _-- - -___--- - 

Item Manufacturer Flodel 1 'nose -A -- ----- ---- -_ - --- - --1. 
Timing Trap Dynamic 

Science 

Osclllograph Bell and 
Howe! 1 

Speed Dy nac\ic 

Control S c L erl c P 

Beam Scales \dJestexn 

High-speed Phot?sonlcs 
Motion 
Picture 
Cameras 

Motion 
Picture 
Camera 

Still Camera Kob!a 
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TABLE 5-1. TEST EQUIPMENT LIST AND FUNCTION (CONTD) 

r tern Manufacturer Model Purpose -- 
100 and 1000 
Hz Time Code 
Generators 

Dynamic 
Science 

Stop Watch 

Containers 

Graduated 
Cylinder 

Calibrated 
Steel Rule 

Anthropo- 
morphic 
Dummies 

Dummy and 
Vehicle 
Acceler- 
ometers 

String Pots 

12.5K Load 
Cells 

3K Load Cell 
(Femur) 

3500-pound 
Load Cell 
(Belt) 

F.M. Multi- 
plexor Tape 
Recorder 

Oscillograph 

Signal 
Conditioner 

Brietling 

Kimes 

Starret 

Alderson 

Endevco 

Celesco 

Interface 

GSE 

LeBow 

Sangamo 

Bell and 
Howell 

Ectron 

None 

None 

48 In. 

(GFE) 

723X 

PT-lOl- 
15 

1210 FS 

Fclrnisil timing signal for high- 
speed cameras and a 1 milli- 
second timing for velocity de- 
terminatioil. 

Time for ?ollection of fuel 
leak samples. 

Collection for fuel leak sam- 
ples. 

Fuel volume measurement. 

??rtcis:on measl1rernent of veloc- 
ltv trap spacing. 

To ballast i;~e vehicle and to 
sathc-r oc~-~l~rl~‘t rthsp)nse data. 

Measures deceleration. 

Force on hone;lcomb modllles. 
1210 LT 

2435 DetermInes lemur load forces. 

3419 Measu-2s belt loads. 

Sdbre Records instrumentation sig- 
rn na3cl. 

5-134 Rec,Jrds real-tline quick-look 
dat‘l. 

Ml40 Condltlon5 instrument output 
sicj~:il fclr recording. 
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5.2 FACILITY AND EQUIPMENT DESCRIPi'ION 

The following paragraphs briefly 3escrlbt th=J track facility 

and equipment, their function, and m(Ge of operat-sn. 

5.2.1 Test Track and Guidance System 

The test track cc,nsrsts of 1,260 teeL of h:$lLalt IJaVment 

(SN = 75 i5), 14 feet rn width. The lcnqtrl allows sufficient 

acceleration distance to accommodate impact sl:eeds in excess of 

60 mph with sufflcienL distance remainlnz to &i- >rt the test If 

necessary. Suiddnce for the test_ vehicle is rrr)vided by a slidlnq 

shoe attached to tne vehicle. ?I,L sll,ilng shot rides on the mono- 

rail embedded in the te;t track t't lot CO lmnac+, the S~CJ~ 1s 

mechanically reledsed from the test vc11,ile. 

5.2.2 Tow 3ystcT and Velocity Ton' ~71 

The tow system consists of a drl,Ln-drlven entilc;s cable ]x~w- 

ered oy a pair of 390-cublc-lnc!-1 crlglnes driLlen Ln talldcm driving 

a mod-fled three-speed C-t, 2ut3illat:r truck LLaa:l;roLssion. The tow 

system can propel a 0,8OO-pound vehlzle lTltLJ +I. f lxfv3 barrier at 

75 mph or two 4,OPO-poul,d .Jen_cie% III~O each t"l\ I it a clc~s~r~g 

speed of 90 mph. Velocity control 1s ar:h~eve, t1~1r~~ gh d manual11 

controlled throttlt aystelm. A visudl reado(Jt ilf speed vtrsus d:?- 

tance IS provided and com:)ared wit1 *hE. " ldP<‘ - c l- ‘TP. " “P13cJltLy 

control under '0.5 mph IS realizabl- do,n to -0 mph and '3.0 per- 

cent down to zero m;h. 

5.2.3 Abort Systcl,n 

Autorratlc abort capability 1s L,rovi.iea tl-,rougn ' hz ve!lICle 

service braKes whlcn are a;'_uatcd kir uzleas,ng hLgh-przssur: air 

into the h>f!raulic system. ktiurt ccLter1d ~on,~s+s of vehicle 

speed, data acqulslt ion and \ns~~rlmen?a- 1~1~7 system rc -dln~s~, and 

106 



stability of the vehicle on the test track. The first two crl- 

teria are automatically monltored by the test control system 

while the third criterion is visually monitored by the test con- 

ductor. Manual abort provisions arc availabLe to the test con- 

ductor. Upon verrfying vehicle spceci, the test control system 

automatically deactivates the abort system to preclude an inad- 

vertent test aborr immediately prlcr to impact. 

5.2.4 Master Control System 

The master control system used for impact tests controls and 

monitors all prxmclry system functions that must c?erate through- 

out a predetermined Interval durrng a test. This Includes the 

starting and stopping of the FM multiplexer tape recorder, high- 

speed cameras, and sscillograph, and the control of the power winch 

which propels tLl- tes;r vehLcle. TI e opcArdt3 c' I of the JarlolLs de- 

vices is confirxed, Including vchlcl? vtlocxtv and iape recorder 

speed synchronization, before it pas>es through a "commit" window. 

When the vehicle is committed, the .it~:t. system 1s ~11sarmc~d, pre- 

venting an accidentai abort after the point of no return IS 

reached. 

Any system maltunction. rnLlud1 1g improper ~ch1clt! velocity 

up to the commit winJ<w, genel‘ites Cd\ abcJrt. 'he control system 

uses the pulse olltput from the IRIG time base ~cncrltor as a 

clock with a manual ~us;C, button deflrlng time LSIIG. 'rile 10~~~ c 

circuits compare pulse counts from trrlle LerrJ to ~rcbet values 

dialed in at the cor,troi panel. :.s f2acll co ltroi cl rt-u,.t gets an 

equal comparlaon, that circuit 33 tiirncd L ,. If the self-test 

circuit does POL vt-rify, the ab)tt syc;tem IS a~~tomatic?lly acts- 

va ted. After a succecsful vehlc,l= tt~t, the l&%t control circuit 

shuts the extlre systt-r aown. Tilt, xa?Llal backup control system 

provides the t,lst co~ciu-tc I with tnt ~,lti~\r, of rnan,dllyr il'xorting 

the test if the need ar!c.es, 
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5.2.5 Fixed Impact Barrier 

The basic fixed impact bdrrlrr collslsts of d reinforced con- 

crete structure, 6 feet higt, f feet tl :ck, ?nd 'L feet w-dc, 

weighing approximately 100,000 counds and comply,ng with SAE J85C. 

This barrier can be fitted w,th various .,lodclt c .lcluding i flat- 

faced barrier adlustable tcJ angles up tc 45 -?oq~ -3, as wtll 3s t 

pole barrier. This barrier system conforms to tile deflnltlon of 

a "fixed collisron barrier" as def -dad rn FerJeral ;ieqlster, Vol. 

35, No. 135, page 11242 (J~ily 14, 1970). 

A camera pit 1s iocated lmmrdiately 1~ frc L sf the mpdct 

barrier and is 6 feet wide, 8 f=et deep, anu '3 fr_t loncj '1 h? 

pit is covered with a metal grad which super' t CA llehlclc 3s I+ 

passes over, yet a110 IS photographing 01 the jJ t rl:l+ '1 tCbrsLde 

when required. ElectrLcal ou,ltts are prov.~i~-j cir r;owerlrig 

floodlights and hlqh-speed cdmc'rds. A fixed GVF 1 =ad carrera 

tower cantllebered aver the b;irrler tts-t site prc~,ldcs over-site 

photography. 

5.2.6 MIdrange Impact Site -- 

The midrange 'est site cc,l--lsts of a F -:ri(Jt t i 60-fc,ot 

asphalt pad. Cell9ally located wlthlq chr: 'zta LS d cariera pit 

constructed of reinforced concrete whrcl 1-L' 6 ftet Wlit<', s feet 

deep, and 24 feet long. A me-al grid covers ttG< cam"ra pit, 

allowing photographs t-o be taken c,f the ~rnlzie Lln.lebslde. A 

movable overhead camera; tc~wer or L -o.id?-' Fo r('er- s,t, ,>hct3g- 

raphy. 
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1.0 DETERMINATION OE EQUTVALENT CLOSTNG SPFP? F'I'; MOSTINS HAGRIER 
coLLIsIolJ 

Mov1r-q Barrier Colllslon: 

hrrlcr te,+: 

, \ ’ 
AV(0) = vp ‘1) , 

(!i- t i P /J I 

A-2 



2.0 DERIVATION OF EQUATIONS OF MOTION 

. 

The vehicle-barrier impact wcl:, modeled as a system of two 

masses connected by a linear sgrlqq. ‘11 2 represents the mass ,Jf 

the barrier test device; ml that of the car. 

The displacements x, and x:, c?re rnc>z;ure? from tht pl>.sitlons 

of static equilibrium. The equ;ticnT of motion arc: 

ml 5 + K (xl - x,) = @ 

m2 x2 ' K (x2 - xl) = 0 

Substitution of the solutions 

x1 = x1 CO? &In t, XL = x2 cos l&In t 

leads to the normal mode shape 

<2 
2 

K -mml.‘A)n +K 
0 = ;;- = -__---- = _--~~ 7 K 

the system has the solut .ons 

1 lil 

( 
1 + ?r\ 

---_ - 

ml m- / (4) 

(1) 

(2) 

(3) 



The solution kin = 0 represert!, a lateral displacement of tile 

system with no spring compre?13ioll or extension. 

The general solutlvn of the -ql'=,tlons (1) dnJ (2) 1s of ch(> 

form 

x1 =B +B 1 2t+B 3 cos 'I2 t+ B 4 s;n ti t 
n2 "2 

xL = B1 + B2 t + B3 ;ICOS w L+B 
"2 

4 Csln on t 
2 

where x2o - pxlo xlo - x2O ---_ B1= l-p ' E3 - __-__-~ 
1 - r 

V 
20 - ‘To __-__ B2= 1-L-/ 

(5) 

(6) 

x1o' 50' x2o' V20 are the lnitlal dl;plrizpments and velocltles of 

the vehicle and barrier, respcctlvely. We may set xl0 = x2o = I>; 

then B1 = B 3 = 0. Dlffere?tlatlorl rlf (5) -vL~I, yc pet? t-9 tl~e Clad 

substltutlon of (6) leads to the ff~l,l~l.+:~ ti rel>tlops for the cll;- 

placements, velocitley, aqd a_celerLt~fj~s ~,f tile L'I~ anrf ha~r~c-: 

A-4 



. 

“20 
Xl=-lq 

- O"lO + 
( 
"10 - “20 -- 

1 - P ) 
cos w t 

“2 

“20 
42 = - 1 - p 

- pvlo + 
( 

"10 - v20 
1 - P 1 pcos w* t 

2 

. . 
x1 = - ( "10 -“20 w 

1 - P ) 
sin 0 t 

“2 “2 

i2 = - ( "10 - “20 
1 - P 1 p %I 

sin w t 
2 “2 

(8) 

(9) 

Using equations (3) and (41, the quantltles p and l-p become: 

-m 1 
P = - 

m2 

l-p = ml + m2 

m2 (10) 

For the fixed barrier case, the above equations for p and 1-p 

reduce to p=O, I-p = 1, (tin = (IL ) l/2 
e ; then x, >;, si become: (m, = 

cm I “20 = 0) 
"1 

x1 
ml l/2 

= VIO (K-1 s1n F,, 1’2 t 

x2 = 0 

. 
X 

1 = "10 cr>s &P2 t 
"1 

(11) 

. 
x2 = 0 

A-5 
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x1 = (K-) Ii2 
- "10 ml sin (!--) ml Ii2 t 

. . 
x2 = 0 

(13) 

3.0 CALCULA'IION OF EQUIVALENT CLCSING JELOCITTES FOR SCL,ECTED <RASH 
PARAMETERS 

Malntalning selected crash parameter2 constant for both the 

flxed barrier and the rnoI,'lng barrier condltl3ns, equivalent vehicle- 

barrier closing velocltles were calculated. The applicable cquc- 

tlons and some equlv< alcnt closl17g speeds dre summarized in Tablt 1. 

Table 2 presents d summary of the time, of occllrrence fcjr selec-teJ 

vehicle parameters. It should L7e no1 ec! t1-1.t i'p zlosl:,~~ spf3ed~ may 

be obtained by adlustlng clther the vek.;lclc k , ci, the ijcirrler 

speed, or both. 

f? 1s the parameter to be m~lnt~ineu ccnsttnt. 

Barred yuantltles refer to movlny barrlcr (-zse. 

(1) P: InltL71 reldtive velocity of CHIC !e 3nd i)zrr le'~. 

Flxed barrier cdse: 

Initial relative veloc ie_y = - II 0 
1u o= ic 

Moving bar rler case: 

Initial re13tLLye v@l>~L+i = V G 
10 - LO 

The equ 
1ty: 

l- 

A-O 



(2) P: Maximum velocity change of vehicle. 
Velocity change = AV = VI0 - x1 final. 

0 

. 
AV = VIO - 

/:20 . . \ 
- 50) 

1 _ p 

50 - v20 = -- 
1-p- 

Flxed barrier case: 

AV = VIO 

Movlnq barrier case: 

For AV = ;1v 

- 
30 

- v20 = ( 
ml + v2 ---- -- 

) 
- 

m2 vlo 

(3) P: Maxlmum momentum change of vehicle. 

The condition here 1s 

Therefore the result LS the same as in (Lj: 

%o - i;;20 = ( 

ml + m2 ----- -- 
m2 1 30 

A-7 



(4) P: MaxImum passenger compartment acceleration (decel- 
eratlon) 

Flxed barrier case: 

From equation (13) 

Ix, I = VIO ;;-, l/L 
max 1 

Moving barrier case: 

From equation (9) 

1q = (VIO - v 
20 

) 
max I 

lJ q+ “2) 
II’ ) 

Equating lx11 and jglj qlvec; 
max max 

(5) P: Maximum ~111 lnq clush 

MaxLmum sprlny crush = lx! - x2 
I ra ': 

= 50 - ['LO _- _-- 
'& n 

FlxPd barrier cccse: 

Wvl~lrnum crush z V 
y i/2 

1o y 

l/2 
m2 --_- -- ( ) ml + m2 

A-0 



Moving barrier case: 

Maximum crush = (VI0 - v20) 

The equivalent closing speed for equality of maximum 
spring crush 1s then 

"1 t "2 

i 1 
l/2 

50 -v20= --- m2 90 

(6) P: Maxlmum energy absorbed by vehicle. 

This calculation 1s based '1po11 the assumption that all 
the energy of sprlnq compression represents energy ab- 
sorbed by the vehicle. 

Energy absorbed = I K (i, - x2) 
.J 

Maxlmum energy absorbed 14 

; K[(%ti; .,)I2 ' 

thcr given by the quantity 

Fixed barrier case: 
7 I- m, 

Naximum energy absorbed $ K/V 110 Kh d- 

-2 1 

1 - 

Moving barrlel caqe: I rv -_ 
Maxlmum energy absorbed 2 E ( 10 

I 

- Vzo) (ml m2j1" 
- -_-- - --__- ____ 

[K (m, + m2) 11'2 

Equlvalerlt closing speed for Pqual maxlmum energy absorp- 
tlon 1s then: 

( 

m 

50 
_ V2() = -i--__ 

+ n’2 !1’2 5l 
m2 / 
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3.1 TIME OF OCCURRENCE OF MAXIMUM VELOCITY AND M@?lt;NTIJP? CHANGE, 
MAXIMUM ACCLLCRATION, MAXJMlJM SPRING CRUSH, AND MAXIMUM 
ENERGY ABSORPT1ON 

From equdtio'ls (7), (61, and (9), Lt 15 dpprent that this 

time of occurLence 1s given t-‘y 

'n 
t=’ 

2 

11 
or t = 

“I n 

Flxed balrler case (t T) 

Moving barrlel cdsf' (t = ) 

The ratlo ;i'; = 

4.0 DYNAMIC TEST CONDITIONS AND VtHIC"F, IJ~T'> 

4.1 DEFINITIOMS OF SYMl3SlS 



K 

T 

T 

P 

w n 

4.2 

w2 

"20 

w2 

= spring constant of vehicle crush structure. 

= time of occurrence of vehicle parameter maximum (fixed 
barrier case). 

= time of occurrence of vehicle parameter (moving barrier 
case). 

= mode shape. 

= natural frequency of system. 

TEST CONDITIONS 

= 4000 pounds (moving ba,rler) 

= 0 

= m (fixed barrier) 

4.3 VEHICLE DATA 

Vehicle --___- 

Honda 

Ford 

LVP lC]ht 

(lb\ --- - 

2200 

4550 ‘1 0 

Plymouth 

Volvo 

4440 40 

3220 45 

F-11 



t 0 
% 
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CALCOMP PLOTS 

TEST 7 

1975 FLYMOljTH FURY-TO-PZXED TEST DEVICE 

. - 
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E-13-78 1600 5Gi 8316 7 
ox RX A= fi” += HZ P~YflCuTri 

I------- 

-- -T-- _-__-_ ---- ‘r~ -I ---- 
80 120 160 200 

TIME - MSEC 

6-13-78 1600 501 8316-7 
PU'MOUTH 

1 

---,- ---- _ -_-- --__ ! 4G ti0 200 
IIME - MSfC 

d-1 



-- - 

6-13-78 
9 

31WlOO 1101 8316-7 
a= FIX A= f7Y += FL? ?LYMOUTH 

I 
LEFT FRONT OCCUPRI\IT 
CHEST ?iYZ ACCCLE-WiTIOIJ 

--- 1 ------y--v- ---- --- - -__- 
I 40 80 120 1.60 

i 
200 

TIME - MSEC 

6-13-78 31WlOO ilOl 8 3 1 Fj - '7 
PiYmJTH _-------___ 

TIME - RXC 
B-3 



0 
0 
0 
N 

0 
0 
Lo 
4 

: 
0 

E 

+ 

0 
0 
Lr3 

0 
c 
C 

6-13-78 315/100 1'01 8316-7 
PLYMOUTd ___---- 

-1 

/- --- ---T--- ---7 

1 40 80 12c 16i - -'ZOO 
TIME - MSEC 

B- 4 



- -_- 

00 
m 
I 

6-13-76 ILHIU 2001 8316-7 
PLYMOUTH 1 

LEFT FRONT OCCUPANT 
LEFT FEMUR LOAD 

I 40 '80 ---I20 160 200 
TIME - MSEC 

6-13-78 1000 2OOI 8316-7 
UT 

0 
I 

E 

II , 

I 

z 
03 

’ -‘4 --- 0 -7--- - 

80 
T---- 

120 160 ZOt? 
TIVE - MSEC 

B-5 



6-13-78 315GOP 423 1 8316-7 
0 
c&-.---- - U-Y LFLE~L _~__ ___ - -- __--- ________ 

I 

I 
J 

‘i 
--\ 

/ 

t -/‘ 
/ ‘-1 ------- ---_ i -----------._, 

1 
0 0 I 

-1 ’ 0 
I--T------ ---- 

--l 
40 80 120 150 TOG 

WIE - r-ISEC 

6-13--78 315/'100 
0 
0 

l- 

-_-~_- -- _------ - 
0-l 

I i J. ‘1 

42Cl 8316-- 7 
$1 Y iFL3 

I 

-- r- --- 
I 40 80 126 - -yhg - ->&Jo 

TIME - tWEC 
I?-6 

H 



6-13-78 315/100 
0 
0 
t-0 

4201 8316-7 
PLY LFTORB 

LEFT FXONT OCCUPAdT 
SHOULDEX BELT LOAD 

. 
A-_ 

40 80 
I 

120 
J 

160 200 
TIMF -- t-%EC 

R-7 



0 

r 

6-13-78 1600 503 8316-7 
OUTH O= fix A= RY += FE PLYr 

RIGHT FRONT OCCUPANT 
HEAD XYZ ACCELERATION 

1 1 
3 40 80 120 160 200 

TIME - MSEC 

6-13-78 1600 503 8316-7 
PLYMOUTH 

I 
RIGHT FRONT OCCUPANT tiEAD 
RESULTANT ACCELERATION 

A 
r 1 

0 40 80 120 160 2 0 0 
TIME - MSEC 

B-8 



. 

. 

6--13-78 315 WhJ llc1S 
g a= 

B31&7 
fix A= RY += flZ fLYMOUTH -- 1 

RIGHT FRONT OCCUPANT 
CHEST XYZ ACCELEJATION 

-___--- ---I- -- -- --- ---I 
i60 200 

TIME - MSEC 
6-13-78 3iSl100 ilO? 83i6-7 

_I_..^ ---~ PLYMClUTH A----_ 

RIGHT I"IONT OCCUPAgT <HFST 
RESULTANT ACCPr ?‘:ih"-iO?;i 

1 
I 

TIME - MSEC 
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0 
0 
0 
c\1 

0 

=: 
V-l 

0 
0 
0 

W- 
0-3 

0 

=: 

6-13-78 315/100 1103 8316-T 
PLYMOLTH 

RIGHT FRONT OCCUPANT 
CdEST SEVE2ITY INDEX 

TIME - MSEC 

B-10 



. 

.- 

6-l+ /a ILJLN 2003 8316-7 
PLYMOUTH -___ 

RIGHT FX37JT OCCUPANT 
LEFT FEPIUR LOI\) I 

1 

-l-- I--------i 
I 40 80 120 160 200 

TIME - MSFC 

6-13-78 1OOU 2003 8 3 1 6 -- 7 
PLYMOLITH --_I- ------ - 

RIGHT L'PONT 0CCI~P91\IT 
:IIGHT FCIWFi I,c'i11> ---I 

-------T-- ___ - --I--- ------l--- -----i 

I 40 80 lxl 160 230 
1IVE - MSEC 

B-11 



I 40 80 120 160 
TIME - MSEC 

6-13-78 315/100 4203 8316-7 

RIGHT FRONT OCCUPAXT 
i-llGHT LAP BELT LOAD 

6-13-78 315/100 4203 8316-7 
PLY RFLB-L 

RIGHT FRONT OCCUPANT 
LEFT LAP dELT LOAD 

PLY RFLB-R 

TIME - MSEC 
B-12 



6-13-78 315/100 4203 8316-7 
PLY ---- 

RIGHT FXONT OCCUPANT 
SHOULDER BELT LOAD 

Rf=l-ORB 

I 40 80 1120 
A_-- --I 

160 200 
TIME - MSEC 

h-l? 



I 

6-13-78 315/100 101 8316-7 
O= FIX A= RZ PLYMOUTH 

LEFT B-PILLAR ACCEL- 
ERATION - LOCATIOU 1 

1 40 80 120 160 
TIME - MSEC 

6-13-78 315/100 102 83164' 
Cl= FIX A= FL? PLYMOLJTH 

RIGHT B-PILLAR ACCEL- 
ERATION - LOCATION 2 

I 
1 40 80 120 160 

TIME - MSEC 

ho 

ho 
B-14 



. 

6-13-78 315/100 401 8316-7 
Cl= FIX A= VX += sx PLY 

AVERAGE B-PILLAR ACCELE-XATION 
VELOCITY AND DISPLACEMENT 
LOCATIONS 1 A;JD 2 

RVl,Z 

lb----- I 
40 80 iro 

-1 
160 200 

TIME - MSEC 
. 

B-15 



6-13-78 31WlOO 103 8316-7 
O= RX A= Rt: PLYMOUTH 

REAR DECK ACCELERATION 
LOCATION 3 

3 40 80 120 160 
TIME - MSEC 

! 
C 

6-13-78 3151100 105 8316-T 
D= RX A= Flz PLYMOUTH 

REAR AXLE ACCELERATIOi? 
LOCATION 5 

‘40 
1 

80 120 160 
TIME - MSEC 

200 

200 

B-16 



6-13-78 3151100 108 8316-7 
O= FIX A= RY += FL? PLYr OUTH 

LONGITUDINAL C.G. ACCELEMTIOIJ 
LOCATION 8 

- --------- -1 

40 80 120 
TIME - MSEC 

160 

R-L 



6-13-78 31WlOO 104 8316-7 

t 
c 

FIREWALL ACCELERATION 
LOCATION 4 

D= AX A= PLYMOUTH 

I 40 80 120 160 mo 
TIME - MSEC 

6-13-78 31WlOO 107 8316~:' 
PLYMOUTH 

FRONT CROSSMEllBER 
LOCATION 7 

I 40 80 120 160 2 00 
TIME - MSEC 

B-18 



0 
0 
cv 

6- 13-7~ 3w1aa 106 8 
P 

UPPER ENGINE ACCELERATION 
LOCATION 6 

0 
0 
4 

c!J 

I 

x0 
a 

ifi 
4 

I 

0 
0 
N 

I 

0 

1----r---- --~------ 

I 40 80 120 160 
TIME - MSEC 

6-13-78 315/100 109 8316-7 

F=Y---- -- PLYmx 

------I LOWER EXGINE ACCI~LCF~ATION 
LOCATIOI! 9 

0 
0 
4 

c!l 

1 

x0 
a 

0 
0 
d 

I 

0 

z 
I I - 

3 40 
----- ---T----------- 

8C 120 160 
TIME - MSEC 

B-19 
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6-13-78 315/100 402 8316-Y 
O= fU A= VX += sx PLY fG6v9 - 

AVEIIAGE ENGINE ACCEL- 
E!XATION VELOCITY AND 
DISPLACEilENT LOCATIONS 
6 AND 9 

I 40 80 120 160 
TIME - MSEC 

B-20 



- 

6-13-78 315/100 4101 8316-7 

I--------- 
PLY 

\ 

\ 

VEHICLE STRING POTENTIOMETER 
DISPLAC::PlENT 

SP-1 

1--- - - -r--- --i 
I 40 80 120 160 200 

TIME - MSEC 



6-13-78 315/100 4001 8316-7 
=T’-‘EV SP 1 I ” I u 

STRING POTENTIOMETER 
DYNN4IC DISPLACEMENT 
LOAD CELL A3 

3 40 80 120 160 
TIME - MSEC 

2 00 

6-13-78 315/100 4002 8316-‘7 

STRING POTENTIOIIIETER 2 
DYNAI4IC DISPLACEMENT 
LOAD CELL A8 

QUESTIONABLE DATA 

I 
I 40 80 120 160 200 

TIME - MSEC 
B-22 

TSTDE’/ SP2 

+ 
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6-13-78 315/1ClU 4003 8316-7 
TSTDEV SP3 

STXING POTE,N'l'IOM!TER 3 
DYdAMIC DISPLACEMENT 
LOAD CELL B5 

qSTRUMENTATION FAILURE 

1-r- ------ 1 -- 
I 40 80 120 163 200 

7 Ir4E - i‘5sEc 
6-13-78 x5/100 4oc4 8316-- 7 

TSTCEV SF’3 
NT- 

- --- 

---I 

'f) +---43- ---- -- --- -------T- - -- --- i 
8 C? 120 3 60 2OC 

TIME - MSEC 
B-23 



6-13-78 315/100 4005 8316-7 
TSTDEV SP5 

STRING POTENTIOMETER 5 
DYNAMIC DISPLACEMENT 
LOAD CELL C2 

1 
I 40 80 120 160 

TIME - MSEC 

I 
200 

6-13-78 315/100 4006 8316-7 
TSTDEV 9'6 

STRING POTENTIOMETER 6 
DYtlAIlIC DISPLACEIIENT 
LOAD CELL C9 

co1 I I 1 
’ 0 40 80 120 160 12 00 

TIME - MSEC 
B-24 



- 0 
0 I 4 

0 6-13-78 315/100 4301 8316-7 
C I TSTDEV SGl 
c- I 

I'IXED TLSl' DEVIC!: 1 
ROW B STRAIN GAUGE 

1 
L, 

I 

i/; z 
W 

0 
0 
c-0 

I F-P ---- ~I------ 
- --- -- 

40 80 
----- ~- 

120 
4 

160 200 
TIME - MSEC 

6-13-76 315/‘100 4 102 f3316--7 

m 

0 
0 
4 
I 

z 
W 

iso 
HO 

&I 
3 ’ 

0 
0 
m. 

I 
-___ 

------ -- -- --- - 

I 40 80 ‘I-+ 
____I-- 

i SO 
TIME - rSEr 
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02 
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CD 
P 

w I 
l-m 
u- 
0 I a 

CD II 

0 

01 S'I 01 s 0 s- 
,OBf S81 - 33wj 

~-28 



-t 

03 
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w I 
l-03 
a--r 
01a 

co II 



W 
0 

00; 
PW 
-0 
WI- 
Pm 
ow 

l- 

03 
P 

w I 
l-m 
a- 
0 I a 

cl3 I 

E 
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cu 
IF-- I -. -. , ’ I I WI ’ 

I- 0-j 
CT v-4 I 
0 I u/ 

co ii, 
CI 

I- - - ---I-- - ---- T- ------_ 1- - -- - --__- &C- 
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02 SI 01 s 0 s- 
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APPENDIX C 

CALCOMP PLOTS 

TEST 8 

r- 1 



6-20-78 1600 501 8316-8 
O= RX A= AY += RZ PLYMOUT 

LEFT FRONT OCCUPANT 
HEAD XYZ ACCELERATION 

TIME - MSEC 

6-20-78 1600 501 8316-8 
PLYr 1 OUTH 

+ 
80 120 160 : 

TIME - MSEC 
c-2 



6-20-78 315/!00 1101 8316-8 
RZ PLYMOUTH 

1 L' :'T FRONT OCCUDAi\lT 
C'i 77 X\iL 4CCCSEFtATION 

~-~-~~-~~ 
- __ -IT-- ---- -7---- - - --i 

0 40 80 120 16C 200 
TlME - MSEC 

0’ 

-j 
I 

N -i 
/ t 

6-N-78 312/:03 1101 6316-8 
0 
CD P1 YMOlJTH 

I- 

----___ ------ -- ----------- 



z 
0 
c\J 

0 
0 
b-3 
+ 

0 
0 
0 

H- 
m 

0 
0 
Lf3 

6-20-78 315/100 1101 8316-8 
PLYMOUTH 

LEFT FRONT OCCUPANT 
CHEST SEVERITY INDEX 

, 
80 120 160 203 

TIME - MSEC 

c-4 



8316-8 

T YE': FROW OCC'UPANT 
LLJ T FF‘:WR LOAD 

- 0 
0 I 
+ 
31t 

0 

go 

-4 

I 

zl” 0 
N 

I 

0 
0 
M -- -, -- ’ ---1- -----~ --r----^--- 0 40 80 1x 160 2OU 

TIME - i;St':: 

6-20-78 1OOLJ 2001 8316-8 
0 0 PLYMCNTH -___--__ - I__ -_ _--- - --__- 

I I 7' FT'C,h A/ \ 1' OC' 'UP?, JT 

----I 
7It;lIT T-J MUI? LOA? 

- 0 
0 I 
4 
m 

01 
w-- ------- 
' 0 30 

7---- 

80 

I 

_ - -- 
‘i 20 

-- 
--ii0 

--I 
2 

TIME - MSEC 
C- 

oo 



0 
0 
m 

C-20-78 315/100 4201 8316-8 
PLY LFL-B I I 

LEFT FRONT OCCUPANT 
LEFT LAP BELT LOAD 

0 
0 
+ 

7 '160 "2CO 0 
TIME - MSEC 

6-20-78 315/100 4201 8316-8 
0 PLY LFLB-R 
0 
ml 

LEFT FRONT OCCUPANT 
RIGHT LAP BELT LOAD 

-L 

.-+ ‘r 
’ 0 40 80 120 160 

I 
200 

TIME - MSEC 
C-6 



- 

i 

i 

i 

I- 

6-20-78 315/100 4201 8316-8 
PLY ----..----__ __- 
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APPLNDIX ti 

CALCULATION 0~ RESTRAINT SURVTVA; D~~TANCI: (RTD) 

1.0 ME'I'IIODOLOGY FOF CALCULATION CL kbrJ 

1.1 INTRODUCTION 

A hypothetical alL bay rcstralnt system fr rcC~-detlcct ion c bar - 

act~t lstlc 13 used AII corijunctlon wltti t)‘f~~ IE t ~lds)l ti c t r( cults 

t-o caJ culate a relative crashworthllless par<\mctt L , LII~ Festralnt 

LUrVlVdl Distance :Rsu). 

1.2 DETERMINATION 01 RSD 

RsL, = AlD - (~3 
I-' - kg (t = t*t 
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- _ - --- --- 
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The dbsolute dlsplaccmerlt of the occlrpant (lip) IS de+ermlncc 

assuming the following restraint system dr ,elerat Ion pul se (h;rpo- 

thetlcal air bAg system) 

lntearatlny till\ iJcllse from is to t* f, ves tile OCCLrp_lrlt VClf - 

sty hIstorI 

b 
P 

= v1 - 43.47 + 28’38t” - 48?c)“t*L (.jTJ t* .()?I (:t_,’ 2c ) 

ri -v + ?l.L 
P 1 

8 - i932t* (t / . ) (fL/SCC) 

0 =. 4347 4 (V 
P 

- 43.47jt:’ t i:49t*2 - 
I 

Lb100t*3 (.Oj c t* c .03) (ft) - 

D “ 
P= 

- 1. ‘,71d + (1’ t 7.7H)t* - 96t,+* (t _ J.05 SE?L/ 
1 

(rt, 

I;-- 4 





2.0 DSI-CALSPAN RSD COMPARISON 

An evaluation was made of the ~rmllar1 tits ar d cl1 frcrences 

between the Dyndmlc Sclellce dnd Calsp<jil (ri,itca~~i~,t 1) rcsuli c, of 

flxed-barrier frolital crash tests ori presum3l~Iv Idt ntlcdl 1975 

Honda CVCC ’ s . 

Daslc to the calculation of tl,e R:;D are th+ occ,Ipant tind pas- 

senger compartment velocrty and dlc,placernent tlnie 1~1 stl)r I es. 

These are derlvcd from the respcctlve acceierLitlcn tJroflles. 

r lgures D-2 anal 11-3 show the left an<1 r-1 ,:jt compartrnerlt acctl- 

erdtion, velocity, and dls, lacement +1x itor+tc; f IK trig 1)s 1 dIiJ <fii 

the Calspan tests. Super lmposell ori :hc “elr cTli-1 an ’ (!ls+i’ai’CmtIit 

curves are the occuparlt vcloclty clrid (11 5l~la~t t Iit \3ur’r< , ,:)I tht 

US1 test condltlon; (lnlt?al veloc It1 -10.83 ~II~J~I . 1’l’hL f'dlspdn 

occupant re.spoIlsc curves would dl fff?r very + 1 t + (2 ‘r( I t-\i 3t, 

since both are calculclttd orI the basis of the sl dndard~ L cd passi.re 

restraint deceleration pulse. ‘Yht Cdlspan :nz t La1 velo( lty v:~ 

40. 25 mph. 1 
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In the DSI test some time later and thus air bag deployment would 

be correspontllngly delayed. 
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